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ABSTRACT OP THE DISCLOSU RE 
A hormone composition is provided herein for producing 
superovulation in mammals, e.g., cattle, goats, swine, sheep, 
horses* exotic mammals or humans. The composition has a particu- 
lar ratio of follicle stimulating hormone (PSH) and luteinizing 
hormone (LH) which produces an optimum ovulation response in 
mammals and promotes out of season breeding and twinning* The 
composition can be produced from mammal pituitary glands or by 
recombinant DNA procedures and can, in a preferred embodiment, be 
preserved in a phosphate buffered saline solution of thymol* 
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serum. The gonadotropic hormones have become known as 
follicle-stimulating hormone (PSH) and luteinizing hormone 
(LH) based on their effects on ovarian follicular activity. 
The activity of fsh and LH preparations are usually measured 
by bioassay and compared to a reference standard. Typical 
reference standards are the National Institute of Health 
standards which are designated tiXH-FSB-sl and NIB-LH-Sl for 
FSH and LH respectively. 

Treatment of cattle with gonadotropins leads to 
ovulation of numerous ova instead of the usual one. 
Gonadotropin treatment is usually initiated between days 9 
and 14 of the estrus cycle (estrus is day 0), causing 
ovarian follicles to grow. Two or three days after the 
start of treatment, prostaglandin ?2 a or an analog is 
Injected to terminate the luteal phase of the estrus cycle 
prematurely by lysing the corpus luteum; about 2 days later 
estrus occurs. Estrus lasts about half a day, ovulation 
occurs about half a day after the end of estrus, and 
fertilization probably occurs a few hours after ovulation. 

Before prostaglandins became available, 
superovulation was initiated about 4 to 5 days before the 
end of the estrus cycle, a time that could not be estimated 
accurately. Availability of prostaglandin B^a has improved 
the efficacy of superovulation and has also provided 
flexibility in scheduling donors. 

Because the best bulls are usually propagated only 
witb frozen semen, artificial insemination is used routinely 
for valuable cows. Sometimes mixtures of semen from two or 
three bulls are used with superovulation, and the progeny 
are sorted out after birth on the basis of blood type. 

Bovine embryos move from the oviduct to the uterus 
4 to 5 days after estrus (3 to 4 days after ovulation), 
although in superovulated cows a few remain in the oviduct 
through day 7. A high percentage of embryos can usually be 
recovered nonsurgically from the uterus six or more days 
after the beginning of estrus. Recovery of embryos from the 
oviduct requires surgery and, therefore, is recommended only 
in certain cases of infertility. 

To recover embryos, a Foley catheter is inserted 



1340132 

-3- 

through the cervix into the uterus by palpating through the 
wall of the rectum with one hand as is done for artificial 
insemination. The latex catheter consists of three channels 
for inflow, outflow, and inflation of a balloon-like cuff 
that prevents the escape of fluid after insertion. Bach 
uterine horn is filled and emptied five to ten times with 30 
to 200 milliliters of fluid each time, according to the site 
of the uterus* The embryos are flushed out with this fluid 
into large graduated cylinders. Embryos can be filtered or 
allowed to settle for 30 minutes and can then be located 
under a stereomicroscope by searching through an aliquot 
from the bottom of the cylinder. They are then stored in 
small containers until transfer. 

Embryos from the one-cell to the early blastocyst 
stage (7 to B days after estrus) are between 120 and 140 
micrometers in diameter exclusive of the zona pellucida. 
Between days 8 and 10, they double in diameter, hatch from 
the zona pellucida, and then grow to 20 centimeters or more 
in length by day 18. Since bovine embryos form no intimate 
attachment to the uterus before day 18, they can be 
recovered nonsurgically until this time, although they are 
increasingly prone to damage after day 14. It appears that 
a larger number of normal embryos can be obtained non- 
surgically 6 to 8 days after estrus than at other times. 

It has been shown (Donaldson et al. p Theriogenology 
23, 189 (19B5); Donaldson et al., Theriogenology 25, 749 
(198$)), that luteinizing hormone CLH) contamination of 
follicle stimulating hormone (PSH) reduces the 
super ovulation response in cattle. The excessive 
variability in superovulation response in cattle to a 
standardized quantity of FSH was reported in 1944 (Hammond 
et al., Journal Agricultural Science 34, 1 (1944)), but it 
was not until forty years later when the dynamics of 
follicular development and the response to exogenous 
gonadotropins was described (Monneaux et al., Theriogenology 
19, 55 (1983),- Moor et al., Theriogenology 21, 103 (1984)) 
that more reliable superovulation techniques began to be 
developed. it has been shown that commercial FSH 
preparations have high and variable LB contents (Murphy et 
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al., Theriogenology 21, 117 (1984); Lindaell et al., 
Theriogenology 25, 167 (1986)). Excess LH in a 
super ovulatory hormone has been shown to cause premature 
stimulation of the oocyte (Moor et al. Theriogenology 21, 
103 119B4)). Rat oocytes produced by superovulation have 
been shown to exhibit reduced fertilisation rates (Walton et 
al.. Journal of Reproduction and Fertility 67, 91 (19B3)j 
Walton et al., Journal of Reproduction and Fertility 67,309 
(1983) ) . Low fertilisation rates in superovulated cattle 
have been shown not to have resulted from the quantity of 
. semen used or the number of times the cow was bred 
(Donaldson, Veterinary Record 117, 35 (1985)). 

It has been shown that normal preovulatory 
progesterone (P4) LB and FSB concentrations are necessary 
for optimal embryo production from superovulated cows 
(Donaldson, Theriogenology 23, 441 (1985) | Calleson et al., 
Theriogenology 25, 71 (1986)). Abnormal concentrations of 

P4, LB and FSB are followed by abnormal follicular /oocyte 

» 

maturation and lowered embryo production. 

A commonly available FSH preparation manufactured 
by Armour Pharmaceutical Co. and known as FSH-P is a crude 
pituitary extract having a high and variable LH content. 
The LH content has been measured and the FSfl/LH ratio has 
been found to be less than 100. Armour Pharmaceutical Co. 
is the assignee of 0.3. Patent Hos. 2,799,621 and 3,119,740 
whicb relate to the preparation of FSH-P. 

O.s. Patent No. 2,799,621 to Steelman is directed 
to a method for recovering both adreno corticotropin (ACTH) 
and gonadotropins (FSH and LH) from the same batch of 
pituitary material. 

G.S. Patent Ho. 3,119,740 to Steelman, et al. is 
directed to a method for preparing follicle stimulating 
hormone (FSH) free from contaminant physiological factors. 

Development of reliable superovulation methods in 
cattle for producing adequate and predictable numbers of 
embryos has been slow (Moor et al., Theriogenology 
21il03-116 (1984)). As noted above, the excessive 
variability in the numbers of ova shed in response to a 
standardized amount of injected hormone was first reported 
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in 1944 (Hammond et al., Journal Agricultural Science 34., 1 
(1944)), but it was not until 1963 (Monneaux et al., 
Theriogenology 19, 55 (1983); Moor et al., Theriogenology 
21:103-116 (1964)) that the reasons for this variability 
began to be understood. The dynamics of follicular 
development during the bovine estrus cycle, the response to 
exogenous gonadotropins (Moor et al., Theriogenology 19, 55 
(1983); Moor et al., Theriogenology 21:103-116 (1984)), and 
the differences in the relative abundance of F5H and LB 
activity in gonadotropin preparations {Murphy et al., 
Theriogenology 21:117-125 (1984)) contribute to this 
variability. The ratio of PSH to Lfl activity in the various 
hormone preparations used for superovulation varies between 
batches of Armour's FSH-P and between FSH-P and pregnant 
mare serum gonadotropin (PMS6) (Monneaux et al., 
Theriogenology. 19:55-64 (1983); Murphy et al., 

Theriogenology 22:205-212 (1984)). PSH stimulates the 
growth of granulosa cells in preantral and small antral 
follicles (Monneaux et al., Theriogenology 19:55-64 (1983)) 
and reverses the process of atresia in follicles over 1.7 mm 
in diameter (Moor et al., Theriogenology 21:103-116 (1984)). 
in the normal cow, the LH surge is responsible for the 
resumption of meiosis in the preovulatory oocyte, and the 
reduction in the high LB content of pituitary gonadotropin 
preparations should decrease premature activation of oocytes 
during superovulation (Moor et al., Theriogenology 
21il03-116 (1984)). A previous study (Donaldson/ 
Theriogenology 22:205-212 (1984)) showed that embryo 
production depended upon the dose of FSH-P. As the dose 
increased above an optimal 28 mg, three embryo production 
endpoints declined: the number of transferable embryos, the 
total embryos recovered, and the percent transferable. The 
number of collections at which no embryos were recovered 
also increased. 

Considering the potential immunological reactions 
that might be encountered, employing bovine preparations in 
treatments involving cattle seems appropriate. The 
purification of bovine PSH has been reported (Beckers et 
al., Biochemie 59:B25-B31 (1977): Cheng, Biochem. J. 
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159:651-659 (1976); Grimek et al . Endocrinology 104 1 140-147 
(1979)). However, the content of FSH In bovine pituitariee is 
relatively low and the recovery with purification is generally 
poor. Porcine pituitariee are as readily available and the FSH 
content seems more amenable to extraction and processing. 
Indeed, commercially available preparations of porcine origin 
have been widely used in veterinary medicine . Methods for the 
purification of porcine FSB have also been described (Cloaaet at 
al., Eur. J* Biochea. 86*105-113 (1970); Whitley et al., Endo- 
crinology 102 :1074-1886 (19781). The amino acid sequence for 
porcine FSB has been proposed (Closest., Eur* J. Biochem. 86ill5- 
120 (1978), but there is no reported sequence for the bovine 
hormone . 

The present invention is directed to a hormone composition 
for producing superovulation in cattle that avoids the above- 
mentioned disadvantages which are characteristic of the prior 
art. 

Thus, by one broad aspect of the present invention, a 
composition of matter is provided for producing superovulation in 
cattle comprising : an effective amount of follicle stimulating 
hormone and luteinizing hormone, wherein the ratio of follicle 
stimulating hormone to luteinizing hormone is in a range of from 
500 to 30,000. 

The ratio described above may preferably be in a range of up 
to 3000 j or of up to 2000; or of 2652 to 1; or of 2000 to 1655; 

■ 

or of 1000 to 1655; or of 1610 to 1. 
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Another broad aspect of this invention provides the use of a 
composition of matter comprising follicle stimulating hormone and 
luteinizing hormone, wherein the ratio of follicle stimulating 
5 hormone to luteinizing hormone is in a range of from 500 to 

30,000, or in the range of up to 3000, or in the range of up to 
2000/ or in the range of 2000 to 1655, or in the ratio of 2652 to 
1, or in the ratio of 1610 to 1, for the new use of producing 
superovulation in cattle. Such use may be by parenteral injee- 
10 tion, e.g., the uae of 75 units of the composition, more specifi- 
cally in 8 equal doses at approximately 12 hour intervals, of the 
above -identified composition. 

Thus, the present invention provides a hormone composition 
and method for producing an optimum superovulation response in 
15 cattle. 

The composition of an aspect of the present invention re- 
sulted from the discoveries that high levels of progesterone at 
eatruB reduce fertilization rates in cows, and that treatment of 
cows with commercial ly available FSH preparations < FSH-P) ele- 

20 vates blood progesterone levels during estrus. Accordingly, 

while FSH-P may induce many follicles to ovulate during super- 
ovulation, fertilization of these ova is reduced by the elevation 
of blood progesterone levels during estrus. 

It was thought that I*H contamination of FSH-P was one of the 

25 likely causes of the abnormally high preovulatory progesterone 

levels in cattle. To test this theory, LB was removed from FSH-P 
and cattle were treated with the FSH-rich preparation. Better 
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reaults ware achieved with the FSB-rich preparation in terms of 
fertilization while the total ova produced decreased somewhat. 



It was then determined that by including a small amount of LH in 
the FSH preparation the recruitment of follicles was increased as 
expressed by total embryos recovered. Accordingly/ it was 
deduced that; the amount of LH in the FSB preparation had to be 
optimized in order to maximize both follicle recruitment and 
fertilization rates during euperovulation in cattle. 

The composition of an aspect of the present invention, 
preferably, has a FSH/LH ratio of from 500 to 30,000 to maximize 
follicle recruitment and fertilization rates during superovula- 
tion in cattle. The composition of a preferred aspect of the 
present invention, most preferably, has a FSB/LB ratio of from 
1000 to 1655. 

The composition of one aspect of the present invention is, 
preferably, given to cattle by injection. A parenteral solution 
of the composition of aspects of the present invention is 
preferably prepared by forming a solution of the composition of 
the present with saline or phosphate buffered saline (PBS). The 
composition of aspects of the present invention is preferably 
given to cattle at a dose rate of 75 units (NIH-FSH-S1) by eight 
equal injections of 9.375 units over a period of 4 days at 
approximately 12 hour intervals. 
. In the accompanying drawings, 
Figure 1 is a graphical representation of the chromatogram 
of commercially available FSH-P on QAE-Sephadex A-50, (SEPHADEX 
is the trade-mark of Pharmacia Fine Chemicals Inc. for synthetic 
organic compounds derived from the polysaccharide, dextran.) 



- Ba - 

The column dimensions were 5 x 33 cm. A sample load of 10 
gro PSH-P was dissolved in 120 ml starting buffer (20 nM ammonium 
acetate, pH 7.2) end was applied to the column. The column was 
developed with 4-6 litres of starting buffer to elute the pLH in 
the sample (Peak A) . Elution with 250 nM ammonium acetate was 
then begun and the pure FSB (FSH-W) fraction was collected (Peak 
C). The post-LH fraction is labelled peak B and the post-FSB is 
labelled peak fraction D. 

The present invention will be described in more detail with 
reference to the following examples. 

EXAMPLE 1 

USE OF PORCINE FOLLICLE STIMULATING HORMONE AFTER 
CHROMATOGRAPHIC PURIFICATION IN SUPEROVULAT I ON OF CATTLE 

An FSH-rich fraction hereinafter referred to as (FSH-W>, 
free of detectable LB, was used to superovulate cattle. Three 
experiments were conducted to determine the optimal dose and 
treatment regimen for FSH-W, to compare FSH-W and FSH-P (a 
commercial preparation available from Burns Biotec, Omaha, NB) , 
and to study the effects of adding luteinizing hormone <LH> to 
the FSH-W # 

Brahman crossbred cows were used in all experiments. The 
cattle were managed and super ovulated in a similar manner as 
previously described in Donaldson, Therioqenoloov 21:517-524 
(1984). The auperovulation treatment was conducted over a period 
of 4 days and cows were treated twice daily at approximately 7 AM 
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and 6 PM each day. Eistrus was controlled with prostaglandin F a a 
( PGF) * available from the Upjohn Co., Kalamazoo, MI) given in 
three doses of 35/15/15 rag morning, noon, and night on the third 
day, or with a cloprostenol dose (Bstrumate, Haver Lockhart, 
Shawnee. KS) of 2.0 cc on the morning of the third day of 
superovulation as described in Donaldson, Therioqenology 21 :1021- 
1022 (1984). 

■ 

Estras was monitored three times per day for about 



45 minutes and the cows were bred about 6, 18 and 32 hours 

after detection of estrus. Embryos were collected 

nonsurgically and classified on the basis of microscopic 

appearance into transferable and nontransferable, 

unfertilized and fertilised degenerate (Donaldson, 

Theriogenology 21:517-524 (1984)). A transferable embryo 

appeared vital and was usually symmetrical and approximately 

round. The blastomeres were distinct with smooth membranes, 

without vesicles or excessive cellular debris beneath the 

zona pellucida. Non-transferable (degenerate) embryos had 

any or several of the following features: flattened, fussy 

membranes; grainy or dark appearance; cracked or broken 

zona. A fertilized degenerate embryo had clear evidence of 

• 

cleavage whereas unfertilized eggs had perfectly spherical 
ronas containing single calls without evidence of cleavage « 
Embryo collection was performed on those cows that came into 
estrus. The data were analysed by one- or two-way analysis 
of variance (ANOVA) . Variance is represented by standard 
deviations of the mean. 

The FSH-W preparation was produced from a 
commercially available porcine pituitary gland preparation 
(FSH-Pf Lots 550CB1 and 551C81 from Burns Biotec, Omaha, SB) 
by employing a QAB-A5Q chromatography step procedure that 
separates put from pFSH (S.D. Glenn, unpublished). The 
FSH-W preparation can also be produced by the same 
chromatography step procedure from the pituitary glands of 
domestic animals such as sheep and pigs. First, however, 
the FSH must be removed from the pituitary gland. This 
process involves taking a pituitary gland from an animal and 
either fresh freezing it or lyophilizing it. If the 
pituitary is fresh frozen the water must be removed by 
acetone drying. Next, the acetone dried powder or freeze 
dried powder is extracted four times with a varying ratio of 
ethanol and tris buffer starting at 75% ethanol and working 
down to 20%. Each extract is then processed to remove the 
FSH and LH from the extract which is accomplished by cutting 
the extract with membranes by putting it through a 0.2 
filter to remove all the fats, putting it through a 100, 0D0 
filter to remove all the proteins and other components 
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greater than 100,000 Dal tons and finally putting it over a 10,000 
Dalton membrane to concentrate the volume. The concentrated 
solution is then freeze dried or placed directly on the QAE-A50 
column. The procedure exploits the differential affinity of LR 
and FSB in a low ionic strength buffer, e.g. 20 mM ammonium 
acetate at a pB of 7.2 to separate the LH and the FSH. The LB 
fraction contains some FSH activity, whereas the FSH fraction 
contains no detectable LB activity. The column elution is 
continued with 20 mM ammonium acetate at a pH of 7.2. After this 
step, the FSH activity retained on the column (approximately 66% 
of the total) is eluted with a 250 mM ammonium acetate buffer , pH 
7.2. An inactive post-FSB fraction may be eluted with 500 mM 
ammonium acetate buffer, pH 7.2, if the remaining protein is to 
be accounted for. 

With Lot 551C81, a 1.8-gm QAE-A50 column chromatography load 
was used. To obtain more material, the chromatography load was 
scaled up five-fold and a 10-gm load of Lot 565F82 was processed 
to obtain material of similar potency. The FSH and LH activity 
was assayed by a radioligand procedure as described previously by 
Bousfield et al., J. Biol. Chen. , 259:1911-1921 (1984). The 
receptor assays used ia * I- label led hCG or equine FSH as radio- 
ligands and rat testis (Moore et al . , J. Biol.Chem. 255 , 6930- 
6936 (I960)) or chicken testis horoogenate (Glenn et al., Biol. 
Reprod. 24 (Suppl. 1) 117A Abstr. (1981)) as receptor prepara- 
tions, respectively. The hormones were labelled to a specific 
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activity of 25 to 50 uCi/ug. Under these conditions, the assay 
is linear for porcine PSH in the range of 2 to 200 ng of pure 
porcine FSB. The LB radioligand assay is linear over the range 
5 of 10 to 1000 ng of pure porcine LB. All potency estimates were 
made from the parallel portion of the competitive binding curves 
for the unknown. Relative potencies were calculated from the 
IDftoB determined from the inhibition curves (Liu et al., J, Biol. 
Chem. 249 :5544-5550 (1974)). Potency was expressed in terms of 

■ 

10 the NIH-LB-S16 reference preparation for LB and NIAMDD-0F5B-13 
reference preparation for FSB. Potency is 
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expressed with these preparations equal to one unit by 
definition. The NIH-LH-S16 is essentially equipotent to the 
NIH-LH-S1 preparation. However, the NXAMDD-OFSH-13 is 
approximately 15 times the potency of the old HIH-FSH-S1 
preparation. The potency estimates for the hormones used in 
the experiments are shown in Table 1. 
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Separati on and aasav of FSH-W from Pgq-P 







551CB1 


S65F82 


PSH-P, starting wt. p gm 




l.B 


10.0 


FSH— W 


gn> 


0.8313 


3.485 


Lfi fraction 


gm 


0.8097 


0.8640 


Post-FSB fraction* 


gm 




2.089 


Recovery 


% 


91.1 


64,5 


Relative potencies 0 








FSH-P 


PSH 


0.32 


0.35 




LB 


0.O39 


0.07S 


FSH-W 


FSB 


0.5 


0.66 




LH 


<0.005 


<0.011 


a An inactive fraction 
ammonium acetate. 


eluted after 


the psh, 


with 500 f 



D Relative to National Inatitutues of Health standards 
HIAMDD-OFSH-13 and NIH-LH-S16 . 



The elution pattern for the material coming off the 
QAB-A50 column la typical and is depicted in Figure 1. The 
FSH-rich fraction (FSH-W) had a biological activity of 0*66 
x HXAKDD-QF8H-13 with an undetectable LH potency (i.e., it 
was less than 0.011 x NXB-X.B-S16, the limit of detection in 
the assay at the highest dose tested ) • The recovery of 
material from the columns was 91.1 and 64.5%. 

Although the FSB-rich fractions are essentially 
free of LH* the FSH-W does not represent pure porcine FSH. 
Pure porcine FSB has a potency of about seven times 
NIAMDD-OFSH-13 (Closset et al., Eur. J. Biochem. 86:105-113 
(1978 ) s Whitley et al., Endocrinology 102 : 1874-1886 
(1978)). Thus, the fractions obtained here are about 11% 
pure but are suitable for the studies undertaken. 
Experiment Is 

120 cows were used in a 3 x 2 factorial design to 
test the effects of dose rate of FSH-W and treatment regimen 
on embryo production. The dose rates used were 2.7, 5.4, 
and 10.8 units (NIAMDD-OPSB-13). These dose rates were 
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calculated from the potency estimates to be equipotent in 
FSB with 14, 28 » and 56 mg (Armour units) PSH-P. The two 
treatment regimens consisted of eight individual injections 
of one-eighth of the total dose (constant regimen) or a 
descending dose of 19, 14 , 10, and 71 of the total dose 
given twice a day for 4 days. Between 5 and 20 cows per 
week were assigned to experimental treatments. Treatments 
were assigned randomly to weeks and within weeks to each 
cow. Usually two treatments were assigned per week, but 
each treatment was represented within at least 2 wk. 

The results of Experiment 1 are found in Table 2 

below. 
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TABLE 2 

Effects of FS8-W dose rate and treatment regimen on 
Mean Embryo Production (Experiment 1) 

Embryo Production (Mean + SD) 



Treatment 



Number Total 
trans- recov- 

ferable ered 



Percent Number 
trans- fertil- 
ferable ized 



Dose x regimen 
2.7 units 

(NIH)a Constant 

2.7 units 
Descending 

5.4 units 
Constant 

5.4 units 
Descendi ng 

10.8 units 
Constant 

10. B units 
Descending 



4.7 + 3.9 9.1 + 7.2 66 ± 36 6.2 ± 5.0 

4.2 + 3.0 6.B + 4.5 67 + 33 5.7 + 3.6 

7.8 + 7.3 15.4 + 18.0 64 + 32 10.1 + 10.6 
6.4 + 5.1 12.3 ± 8.1 51 + 27 10.3 + 6.7 

4.3 + 4.8 10.1 + 8.6 35 + 25 6.6 + 6.9 
1.8 i 1.7 12.5 ± 6.8 19 + 22 3.3 + 3.1 



Both regimens (constant and descending) 
2.7 units 4.5 + 3.5 8.0 + 6.2 66 + 35 5.9 + 4.4 

5.4 units 

10.8 units 



7.0 + 6.5 13.8 ± 14.6 57 ± 31 10.1 + 9.1 

3.1 + 3.9 11.2 + 8.8 27 ± 25 5.1 + 5.8 



All doses (2.7, 5.4, and 10. B NIB units) " 

Constant 5.6 + 5.8 11.5 + 12.6 56 + 35 7.6 + 8.1 



Descending 



4.3 + 4.0 10.7 + 7.9 46 ± 34 6.7 ± 5.5 



BY AHOVA P » Dose 0.003 

Regimen 0.126 
Interaction 0.696 



0.053 
0.678 
0.527 



0.001 
0.089 
0.580 



"OUT 
0.652 
0.527 



^National Institutes of Health. : — 

There was a significant effect of dose of FSH-W on 
the number of transferable embryos recovered (P « 0.003). 
The number of transferable embryos increased from 4.5 + 3.5 
to 7.0 + 6.5 and then decreased to 3,1 + 3.9 with Increasing 
dose. The total embryos recovered increased from 8.0 ± 6.2 
to 13.8 + 14.6 and then to 11.2 + 8.8 (p < 0.001) with 
increasing dose, while the percent transferable declined 
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• 



from 66 * 35% to 57 ♦ 31% and then to 27 25% (P « 0.001). 
These changes in the number and percent transferable were 
associated with changes in the number of fertilized embryos? this 
number increased from 5,9 4.4 to 10.1 + 9.1 and then declined 
to 5.1 ± 5.8 (P « 0.004). The number of fertilized embryos that 
degenerated was not affected by the dose of FSH-W (X.4 2.5, 
3-1 3-7, and 2.0 ± 3.0, respectively; P-D.120). There were no 
significant interactions between dose and regimen. 
Experiment 2 

130 cows were used to compare FSH-W made from Lot 551C81 
with FSH-P (Lot 551C81). The dose of FSH-W that gave the best 
embryo production response in the first experiment (5.4 rag) was 
compared with the dose of FSH-P (28 mg. Armour units) that was 
previously reported to give the best response {Donaldson, 
Therioaenoloqv 22 ; 205-212 (1984)). The cows were treated with a 
descending dose treatment regimen in which 19, 14, 10 and 7% of 
the total dose was given twice a day for 4 days. Cows were 

■ 

assigned randomly to the two treatments. Jugular blood samples 
were taken at the beginning of astrua for progesterone 
determinations in accordance with the procedure described by 
Reimera et al . , J. Aninw Sci. 57 :683-691 (1983), from 15 cows 
super ovulated with FSH-P (28 mg) and from 24 cows superovulated 
with FSH-W (5.4 mg). 

* 

The results of Experiment 2 are found in Table 3 below t 
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TABLE 3 

Comparison of PSH-W and FSH-P for the Suparovulation 

of Cattle 









Treatment 








Embryo 


FSH-P 


FSB- 


-W 




Parameters 


Mean 


SO 


Mean 




SO 


P 


Number 


2.9 


+ 


4.0 


6.3 


+ 


6.7 


0.001 


transferable 














Total 


11.1 


+ 


10.0 


12.1 


+ 


9.6 


0.591 


recovered 


• 












* 


Percent 


30 


+ 


33 


47 


+ 


35 


0.007 


transferable . 
















Number 


5.6 


+ 


6.7 


9.0 


± 


8.2 


0.019 


fertilised 








• 








Number 


2.4 




3.6. 


2.5 


+ 


3.0 


0.819 


degenerate 








• 









When compared with 28 mg FSH-P, 5.4 nnlts FSH-W 
significantly increased the number of transferable embryos 
from 2.9 to 6.3 (P - 0.001) without affecting the total 
embryos recovered (12.1 and 11.1, P » 0.591). 

5.4 units of FSH-W was calculated to be equipotent 
with 28-mg equivalents of Armour units of FSH-P f and as 
noted above these dose levels have been found to be the most 
effective doses for both products. The percent transferable 
was higher in the FSB-W (47%) than in the FSH-P treated cows 
(30%, p a 0.007). This higher percentage resulted from an 
increase in the number of embryos fertilized from 5.8 to 9.0 
<p - 0.019). 

The blood progesterone levels (ng/ml) during eatrus 
in the 15 cows treated with FSH-P (0.88 + 0.69) were 
significantly higher (P=*0.016) than in the 24 cows treated 
with FSH-W (0.45 + 0.36). Normal blood progesterone levels 
in the cow during estrus range from 0.2 to 0.5 ng/ml (Lemon 
at al. f J. Reprod. Fertil. 31 -.501-502 (1972)). 

Crisman et al. (Theriogenology 15:141-154 (I960)) 
showed that excess progesterone (but not estradiol) 
increased ovum transport rates in the cow. The higher 
progesterone levels in the FSH-P treated cows may be caused 
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by the LH contamination, which enhances progesterone 
production in the theca interna of preantral follicles 
(Terranova et al., Biol. Reprod. 29:630-636 (1983)) or 
which luteinizes large follicles that subsequently produce 
progesterone. FSH can stimulate progesterone production in 
follicles itself (Liechinsky et al.. Endocrinology 
113 :1999-2003 (1983)3 and this progesterone production may 
be involved in the reduction in the number of fertilized 
embryos with higher doses of PSH-W. Previously, high blood 
progesterone levels at estrus have been associated with 
decreased embryo production in cattle (Greve et al., 
Theriogenology 21:238 Abstr. (1984). 
Experiment 3: 

50 cows were used in a 2 x 2 factorial design to 
test the effects on embryo production of adding LH {made 
from Lot S51CB1 as described above) to the FSH-W preparation 
on the first day of FSH treatment to induce superovulation. 
The two dose levels of PSH-W were 5.4 and 8.3 units given in 
a constant regimen as in Experiment 1. LH was injected at 
the time of the two PSH-W injections at dose rates of 0 or 
one mg NIH-LH-S16. This LH included 0.06 units of FSH per 
injection as a contaminant. Cows were assigned randomly to 
the four treatments. 

The results of Experiment 3 are found in Table 4 

below t 
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TABLE 4 

Effect of adding LH to FSH-W on Mean Embryo Production 



Treatment 



Number 
trans- 
ferable 



Bmbryo Production (Mean + SO) 
Total Percent Number 

recov- trans- fertil- 
ered ferable ized 



Dose x LH — 

5.4 units 5.1 + 3.2 10.8 + 4.6 55 + 34 7.6 + 3.4 
(NIB) a + LB 



5.4 units 
NO LH 

8.3 units 
+ LH 



7.8 jh 4.4 13.4 + 5.5 60 + 28 11.1 + 5.3 
3.6 i 6.3 10.8 + 7.8 41 + 37 2.7 + 1.7 



8.3 units 7.8 ± 7.7 16.7 + 9.9 45 + 28 14.7 + 10.1 
NO LH ~ 



Both LH treatments 










5.4 units 


6.4 ± 4.1 


12.1 + 5.2 


55 


± 31 


9.3 + 4.8 


8.3 units 


5.8 ± 7.4 


13.9 + 9.4 


43 


+ 33 


8.7 ± 9.4 


Both doses 












LH 


4.4 + 5.0 


10.8 + 6.3 


48 


± 36 


5.3 ± 3.6 


NO LH 


7.8 + 6.3 


15.0 + 8.1 


53 


+ 29 


12.8 + B.l 


ANOVA P - LH 


0.052 


0.06 




0.635 


0.001 


Dose 


0.698 


0.525 




0.126 


0.742 


Interaction 


i 0.665 


0.529 




0.945 


0.024 
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Adding LH to the FBH-W on the first day of PSH 
treatment reversed the effect of removing LB from FSH-P. 
The number of transferable embryos were reduced from 7.8 + 
6.3 to 4.4 + 5.0 (P m 0.05, Table 4). Total embryos 
recovered was reduced (P * 0.06), and percent transferable 
was not significantly different (P - 0.635). The number of 
fertilized embryos was reduced from 12.8 + 8.1 to 5.3 + 3.6 
by the addition of LH dose to FSH-W (P < 0.001). There was 
a significant interaction (P « 0.024); LH had more effect 
on fertilization at the higher dose. Added LH significantly 
reduced the number of fertilized degenerating embryos (4.8 + 
3.9 to 1.5 + 1.6, P ■ 0.001) f but the percent degenerate (31 
+ 31 and 38 + 28%, P - 0.55) remained the same because there 



was a parallel reduction in the number of fertilized 
embryos. 

The effect of altering the LH content of the FSB on 
total embryo production was not clear, but embryo recovery 
is not a sensitive measure of ovulation rate because only 
about 40% of the ovulations are represented by embryos 
recovered (Donaldson , Vet. Rec. 117:33-34, 1965). 

In cattle superovulated with PSH-P, fertilisation 
rates have been found not to be improved by increasing the 
number of times a superovulated cow was bred above two times 
or by increasing the number of straws of semen used at each 
breeding above one (Critser et al., Theriogenology 
13*397-405 (1980) j Donaldson, Vet. Rec. 117i35-37 (1985). 
Based on these results, it was hypothesised that there are 
factors other than sperm numbers that interfere with 
fertilization. In the normal eatrus cycle, the LB surge 
triggers the maturation phase of the oocyte, establishing 
the time frame for fertilisation (Moor et al., 
Theriogenology 21:103-116 (1984)). Excess LB in a 
superovulatory hormone causes premature stimulation of the 
oocyte (Moor et al., Theriogenology 21:103-116 (1984)) so 
that the oocyte may not be capable of being fertilised at 
the normal time. In ewes, superovulation reduces sperm 
transport (Armstrong et al., Proc. 10th Inter. Cong. Anim. 
Reprod. Art. Ineem., Urbana, IL, 1984, pp. VTI-8-VII-15 ) . 
In rats, oocytes produced after snperovulation with pregnant 
mare serum gonadotropin are normal (Evans et al., J. Reprod. 
Pertil. 70*131-135 (1984)) but have reduced fertility due 
to complete or partial failure of fertilization (Walton et 
al. , J. Reprod. Pertil, 67 1 9 1*96 (1983) } J. Reprod. 
Fertil. £7:309-314 (1983)). Therefore, the demonstrated 
increase in blood progesterone levels at eatrus offers 
several mechanisms whereby fertilization rates could be 
influenced by the levels of LB and PSB in the superovulation 
treatments namely, increased tubal transport of ova, 
decreased sperm capacitation, or decreased sperm transport. 
LB in superovulation regimens appears to be deleterious and 
exerts its effect at several stages in the reproductive 
process. Excluding LH from an PSB preparation for 



superovulating cattle increased the production of 
transferable embryos by increasing the number of fertilised 
embryos . 

EXAMPLE 2 
DOSE RESPONSE TO FSfl-W 
WITH AND WITHOUT LB CONTAMINATION 

FSS-P (lot 565F82, Burns Biotec, Omaha NE) was 
separated into an FSB-W fraction without any detectable LB 
using sephadex QAE-A50 column chromatography as described in 
Example 1. The relative potency of FSH and LB for the FSB-P 
(0.32 and 0.039) and FSH-W (0.66 and < 0.01) fractions to 
NXB-FSH-S13 and NIH-LB-S16 were determined using chicken and 
rat testicular homogenate receptor assays. Die assays 
indicated that 5.4 units FSB-tf was approximately equi potent 
in FSH to 20 Armour units (often expressed as mg> FSfl-P. 
The dose response to FSB-P was measured in 60 Brahman cross 
cows (20 per dose level) and to FSB-W in 140 Brahman cross 
cows (37, 36, 27, 31 and 9 per dose within increasing doses 
respectively ) • 

The results of this study appear in Table 5 below. 
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FSH-W 


FSH-P 


MEAN EMBRYOS/COW 


MEAN EMBRYOS/COW 


FSB #trans- total %trana- 
unita ferable ferable 


Armour 9 trans- total % trans - 
units ferable ferable 


2.1 4.4 4 it 
5.4 7.1 14 57 
8.3 4.9 11 46 
10.8 3.4 11.2 29 
16.2 3.5 9.4 35 

• 


20 2.1 2.6 72 
2B 3.9 10.1 47 
40 2.5 8.2 35 
60 0.9 6.3 16 



p » 0.043 0.161 0.000 0.006 0.003 0.000 

The removal of the LB increased the effectiveness of the 
PSB-W by lowering the dose giving the maximum response, and 
by apparently increasing the number of transferable embryos 
produced at that response. The decline in embryo production 
beyond the most effective dose was not as large with FSB-W 
as it was with FSB-P. Removal of the LB from the FSH-P 
altered the shape of the dose response curve, and Increased 
the responsiveness of tbe cow to FSB. 

EXAMPLE 3 

EFFECTS OF LH ON EMBRYO PRODUCTION IB SOPEROVOLATED COWS 

As noted above , it has been shown that normal 
preovulatory progesterone <P4), LB and FSB concentrations 
are necessary for optimal embryo production from 
superovulated cows. Abnormal concentrations of P4 f LB and 
FSB are followed by abnormal follicular/oocyte maturation 
and lowered embryo production. Since LB contamination of 
FSB preparations is thought to be one of the likely causes 
of abnormal preovulatory progesterone concentrations, this 
example was designed to study the effects of LB added to FSH 
on embryo production in the cow. 

In this study, three FSB preparations were used, 
FSB-P (available from Burns Biotec Omaha NE) , PSB-W and 
FSB-S. FSB-W was produced as described in Example 1 from 
FSH-P or from porcine pituitaries and contained no 
detectable LB. The FSB and LB activity of the FSH-W and 
three of aix lots of FSB-P used in this study were assayed 
by a radioligand receptor assay using 125 labelled flCG or 
equine FSB as radioligands (Sous field et al«, J. Biol. Chem. 



259, 1911 (1984)) and rat testis [Moore et al., J. Biol . 
Chem. 255 , 6930 (1980)) or chicken testis {Glenn et al., 
Biol. Reprod. 24 CSuppi. 1) 117a (1981)) homogenates as 
receptor preparations respectively. Potency was expressed 
in terms of NIH-LH-S1 and NIH-FSH-S1 preparations. PSH/LH 
ratios were calculated in terms- of these units. FSH-5 was 
made from FSH-W by adding an aliquot of FSH-? to achieve an 
TSH content per dose of 75 units with an PSH/LH of greater 
chan 500 and less than 2000. 

A total of 273 cows were superovulated at seven 
embryo transfer centers. At each of the centers FSH-W was 
substituted for the FSH-P that was in normal use. At two 
centers FSH-S was also substituted. These superovulations 
using FSH-W and FSB-S were compared with contemporary 
controls receiving FSfl-P. Cows from a wide range of cattle 
breeds (both beef and dairy) were superovulated with 75 or 
112 units FSH-W, FSH-S or FSH-P (28-42 mg Armour units). 
Five centers used 75 units and two centers used 112 units. 
The total number of embryos and ova , the number of 
transferable embryos, the number fertilized . and the number 
of fertilised degenerates were recorded (Donaldson Vet. ftec. 
117, 35 (1985). Superovulation techniques varied from 
center to center but generally followed the non-surgical 
technique described by Els den et al., Theriogenology 6, 523 
(1976). 

The data were collected over an 18 month period and 
no efforts were made to detect or correct for variations in 
techniques between centers. It was assumed that the FSH-p 
preparations used and not assayed had similar PSH/LH ratios 
to the lots that were assayed. The ratios of percent 
transferable, percent fertilized and ' percent fertiliied 
degenerate were calculated for each observation. The data 
were analyzed by analysis of variance and Student's two 
tailed t test between centers and then pooled over all 
centers and both FSH doses. 

The results of this study appear in Table 6 below. 
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TABLE 6 

EFFECT OF LH ON EMBRYO PRODUCTION 
IN SUPEROVOLATBD COWS (MEANS 48. D.) 





FSH-W 


FSH-S 


FSH-P 


P< 


FSB/LH 


> 20,000 


>500 




<100 




# COWS 

• 


94 


89 






90 




EMBRYOS 














TOTAL 


8.8 + 7.4 


10.6 + 


9.2 


8.1 


+ 7.2 


0.108 


FERTILISED 


7.6 + 7.3 


9.0 + 


8.5 


6.0 


+ 6.6 


0.040 


TRANSFERABLE 


5.7 + 5.8 


5.8 + 


6.4 


3.3 


+ 4.7 


0.006 


% TRANSFER- 
ABLE 


66 + 33 


51 + 


35 


37 


+ 38 


0.001 


% FERTILIZED 


83 + 28 


81 + 


29 


62 


+ 42 


0.001 


% FERTILIZED 
DEGENERATE 


21 + 27 


34 + 


30 


39 


+ 37 


0.002 



There was no statistical difference in embryo 
production between centers within FSH preparations and 
between dose rates, so the data was pooled. FSH-S produced 
an average of 10.6 embryos and ova per flush which was not 
significantly different from the 8.8 and 6.1 produced by 
FSH-W and FSH-P (P < 0.106). The addition of LB below the 
FSH/LH of 500 significantly reduced the number of embryos of 
transferable quality from 5.7 (FSH-W) r and 5.8 (FSH-S) to 
3.3 (FSH-P, P < 0.006). As LH levels increased the 
transferable percent declined from 66% (FSH-W), to 51% 
(FSH-S) and 37% (FSH-P, P < 0.001) because of changes in the 
number of embryos fertilised and an increase in the percent 
of fertilized embryos that degenerated. The number of 
fertilized embryos increased from 7.6 (FSH-W) to 9.0 (FSH-S, 
P > 0.01) and then declined significantly to 6,0 with FSH-P 
(P < 0.04). The percentage of fertilised embryos that 
degenerated increased from 21% (FSH-W) to 34% (FSH-S, P < 
0.032) and then to 39% (FSH-P, P < 0.002) as LB levels in 
the FSH preparations increased. 

The precision of this study may have been reduced 



because of the involvement of seven different embryo 
transfer centers, but the results suggest important 
differences exist between the superovulation response 
produced by these three hormone preparations, which differed 
only in their LH content. 

The dose rates for each PSH preparation were 
selected to be equipotent in PSH and to be optimum for 
transferable embryo production (Donaldson, Theriogenology 
22:205 (1984); Donaldson et al., Theriogenology 23, 189 
(1985)). LH contamination of PSH reduced the fertilization 
rates of ova produced by superovulation. LB appears to 
specifically block fertilisation, the mechanism for which 
may be through premature stimulation of the maturing oocyte 
(Moor et al. f Theriogenology 21, 103 (1984)) so that the 
oocyte is not capable of being fertilized. This is 
supported by an earlier study that showed that fertilization 
problems in superovulated cows cannot be overcome by 
multiple inseminations with many doses of semen (Donaldson, 
Vet. Rec. U7, 35 (1985)). The number of times that the 
cows were bred and the quantity of semen used was not 
standardised in this experiment, but the routine practice at 
all but one of the embryo transfer centers was to breed 
superovulated cows at least twice with a total of at least 
two doses of semen. The slight increase in the number of 
fertilised embryos in the PSH-s group was offset by the 
increase in the degeneration of fertilised embryos with 
increasing LB levels. The mechanism by which fertilised 
embryos degenerate with increasing LH levels is not known. 
As the LH content of the PSH increased, the variability of 
some of the responses increased as measured by the standard 
deviation of the mean. This was seen in the number and 
percentage transferable, and the number and percentage 
fertilized. Thus, the variability of superovulation 
response may be reduced by controlling the LH levels in the 
superovulatory hormones. 

There are problems comparing the assay results from 
different laboratories of various gonadotropin preparations 
used in the superovulation of cattle because of the variety 
of assays and standards used. it appears that all PS&-P 
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preparations have an FSH/LH of leaa than 100, These results 
confirm the conclusions drawn from endocrine data 
(Donaldson, Theriogenology 23 , 441 (1985) and Calleson et 
al., Therlogenology 25, 71 (1986)) that the traditional 
superovulatory treatments with gonadotropins ' containing LB 
disturbs the normal oocyte and follicular development 
leading to oocytes of inferior quality; and that PSH is 
mainly responsible for the number of embryos and ova 
produced and LH for their subsequent quality. 

EXAMPLE 4 

LH EFFECTS OH SUPEROVULATION AND FERTILIZATION RATES 

The effects of LH during superovulation and at the 
subsequent estrus were studied in 108 beef and dairy cows* 
The experimental design waa a 3x2 factorial with three FSH 
preparations, having different concentrations of LH, and two 
levels of LB (10 and 0 units) injected six hours after the 
onset of estrus. The FSH preparations were FSH-W, PSH-S and 
FSH-P. The FSB-W and FSB-S were prepared from FSH-P <Armour 
pharmaceutical Co., Chicago, ID as described in Examples 1 
and 3 f respectively. 

The hormones were assayed by radioligand receptor 
assay referenced to the NIH-PSB-S1 and NIH-LB-S1 standards. 
The FSH/LH ratios of the three FSB preparations were in the 
following ranges 30,000 (FSH-W), 1600 (FSH-S) and 114 
( FSH-P). 

The cows were superovulated with 73 units of FSB 
divided into eight equal doses administered at 12 hour \ 
intervals for four days starting in the evening. 
Chlorprostenol 2cc (Bstrumate, Haver -Lockart, Shawnee, XS) 
was given at the time of the fifth FSB injection. The cows 
were observed closely for the onset of estrus, and half of 
them received 10 units LH six hours later. Cows were bred 
with one straw of f rosea semen four to 22 hours after the 
onset of estrus. Bnbryos were recovered nonsurgically seven 
days later and the total, number transferable and the number 
fertilized recorded. Data were analyzed by two way analysis 
of variance. 

Transferable/ total embryos recovered were 2.4/4 
(FSH-W), 6/10.5 (FSH-S) and 1.9/5.4 (FSH-P). Total and 



* 
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transferable embryos were significantly different (P«0.011 
and 0.014). The percent transferable was lower in the FSH-P 
(35%) than in the other groups (55% and 52%, P»0.047). The 
LB effect was in the percent fertilized, being 84% (FSB-5), 
80% (FSH-W) and 48% in the FSH-P group (P«0.001>. LH at 
estrus did not affect transferable or total embryos (3.5/7 
with LH and 4.9/8.5 in controls , P»0.667 and 0.756). The 
percent of ova fertilized in the LH at estrus group (70%) 
tended to be lower than the controls (82%, P*0.08), as did 
the percent transferable (43% versus 56%, P»0.153). Embryo 
production was significantly affected by the LH levels in 
the FSH but not by the LH injected at estrus. High levels 
of LH in the FSH reduced fertilization rates. Low 
fertilization rates have traditionally been approached by 
increasing the number of doses of semen used and the number 
of times a donor cow is bred, in this study one breeding 
with one dose of semen produced normal fertilization rates 
when the level of LB in the FSH hormone was reduced, 
indicating that low fertilization rates with FSH-P are 
specifically an LH problem not a semen quantity or a number 
of times bred problem. 

EXAMPLE 5 

FIELD TESTS WITH THREE FSH PREPARATIONS 
The three FSH preparations were used almost 
exclusively on problem donors that had failed to respond to 
commercially available Armour FSH-P. Each embryo transfer 
center testing the preparations were asked to report 
contemporary results with FSH-P. The data are therefore 
heterogeneous and nay be best used to demonstrate the type 
of results in independent hands and fertilization rates. 
The actual numbers and differences between treatments have 
to be interpreted with caution. 

Three hormone preparations were tested each with a 
different formulation. They were: 

FSH-W batches 200 and 167 of an FSH preparation 
containing no detectable LH or having a ratio of FSH/LB of 
30,000. 

FSH-S, an FSH preparation according to the present 
invention containing some LH having an FSH/LU ratio of 1610. 



FSH-P is a commercial FSH preparation containing* 
much LB having an FSH/LH ratio of <114. 

The FSH-W and FSH-S preparations utilized in this 
study were prepared from FSH-P (Armour Pharmaceutical Co., 
Chicago, ID as described in Examples 1 and 3, respectively. 

The data represents most breeds. Six of the 10 
embryo transfer centers only used FSH-W on problem cows and 
the production from these cows was less than with FSH-P. 
The others used FSH-W on the normal run of cows and they had 
production equal to or better than FSH-P. There were 
obvious differences between centers on classification of 
embryos into unfertilised and fertilised degenerate. Mo 
attempt has been made to correct data for any of these 
differences. Each center used at least 2 FSB products. 

The data has been divided on the basis of product 
and dose. FSH-W and FSH-S have been measured in terms of 
the NIH-FSH-FSH1 standard. The three doses are 75, 112 and 
150 units. (75 units is the same as 5 units 513, the units 
in which batch 200 was measured). The equivalent Armour 
units are 28 r 42 and 56. Collections where no embryos were 
recovered are not included in this analysis, mainly because 
there seemed to be large irregularities in the way they were 
reported. It is not believed that the majority of zero 
collections have anything to do with the FSH, and their 
absence does not affect the fertilisation and degeneration 

■ 

rates that were the focus of this example. 

The data confirms the controlled experiments that 
FSH-w and FSH-S improved fertilisation rates. This effect 
carries over into percent transferable, and in the case of 
FSH-S into the number transferable. FSH-S increased 
recruitment of follicles over FSH-W as expressed by the 
total embryos recovered. There is an indies tion that 
increasing the dose of FSH reduces the degeneration rate. 
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EMBRYOS 
TRANSFERABLE/TOTAL 
(I TRANSFERABLE ) 



PREPARATION 


75 


DO 

112 


SB LEVEL 
150 


TOTAL 


PSH-M 


4.8/9.4 
(55) 


4.7/7.2 
(70) 


5.4/8 
(62) 


4.9/8.9 
(58) 


# FLUSHES 


158 


26 


46 


229 


FSH-S 


7.5/11.4 
(64) 


7/15.1 
(46) 


8/U . 5 
(71) 


7.5/12.2 
(62) 


ft FLUSHES 


34 


11 


12 


57 


FSH-P 


5.2/11.4 
(48) 


4/8.8 
(55) 


6.3/10.1 
(54) 


5.4/10.8 
(50) 


• FLUSHES 


157 


26 


60 


243 


TOTAL 


5.2/10.5 
(53) 


5.0/9.5 
(59) 


4.5/9.4 
(60) 


5.3/10.1 
(55) 


# FLUSHES 


349 


63 


117 


529 



P VALOES DOSE 0.566, 0.081, 0.549 

PREPARATION 0.029, 0.087, 0.138 



TABLE B 

EMBRYOS 
# FERTILIZED, % FERTILIZED 



PREPARATION 


DOSE LEVEL 

75 112 150 TOTAL 


PSH-W 


6.4,73 


5,8,80 


6.8,82 


6.4,75 


FSH-S 


10.4,95 


9.9,91 


11,88 


10.5,92 


PSH-P 


7.2,65 


5,65 


7.2,63 


7 ( 64 


TOTAL 


7.2,71 


7.4,73 


6.2,76 


7.1,72 



P VALUES DOSS 0.586, 0.966 



PREPARATION 0.000, 0.000 
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TABLE 9 
EMBRYOS 

# FERTILIZED DEGENERATE f % PERT. DEGENERATE 



PREPARATION 


DOSE LEVEL 
75 112 150 TOTAL 


FSH-W 


1.9,26 


1.3,20 


1.2,21 


1,7,24 


FSH-3 


3.2,31 


5.2,42 


2.6,20 


3.5,31 


PSB-P 


2.6,30 


1,16 


1,13 


2,24 


TOTAL 


2.4,28 


1.9.22 


1.3,17 


2.1.25 



F VALOES DOSE 0.586, 0.966 

PREPARATION 0.000, 0.000 

EXAMPLE 6 

This example compares a batch of FSH-S having a 
PSH/LH ratio of approximately 1000 and a batch of FSH-p 
having a FSB/LB ratio of approximately 114. The batch of 
FSH-S was prepared in accordance vlth the procedure 
described in Example 3. 

The results of this comparison are shown in Table 

10 below. 



TABLE 10 





tt Good Embryos 
Mean + SD 


Total Embryos 
Mean + SD 


% Good bnbryos 
Mean + so 


F9H-S 
FSH-P 


7.56 + 6.98 
4.39 ± 5.02 


14.2 + 10.12 
10.66 + 7.82 


53.28 + 31.64 
42.56 + 35.07 



This example demonstrates that a reduction In lb 
content of the FSH preparation is beneficial In terms of the 
• number of good embryos, the total embryos and percent good 
embryos . 
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EXAMPLE 7 
DURATION-EFFICACY STUDY 

Objective. The objective of this study was to 
determine the optimum duration of treatment with FSH-S. 

Cows were selected to go on experiment after they 
had been detected in heat with a normal estrus interval (16 
to 24 days). cows were put into experimental groups 
randomly on the basis of their estrus dates. On a weekly 
basis all the ear tag numbers of the experimental cows that 
had been in estrus during the preceeding week were written 
on a separate card and the cards were selected at random and 
allocated to successive groups within breeds. The cows were 
then scheduled for starting on treatment on a day convenient 
for the subsequent collection date. 

Cows were treated for 3, 4 or 5 days with 18.75 
units of FSH-S per day in equal divided doses morning and 
evening. This is the same rate as a total dose of 75 units 
over 4 days. The FSH-S used in this study was prepared in 
accordance with the procedure described in Example 3. Three 
separate batches of FSH-S were used to treat the cows for 
this study. These batches had FSB/LH ratios of 1500, 1443 
and 1267, respectively. 

Embryo production was measured in terms of total 
embryos and ova f and the number of transferable embryos. 

The results of this study are shown in Tables 11 
and 12 below* 
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TABLE 11 



Days 
of treatment 
with PSH 


Transferable Embryos 
Mean + SD 


Total 
Ova + Embryos 
Mean + BD 


3 


1.250+ 


1.699 


3.950+ 4.295 


4 


5.950+ 


4.421 


1.050+ 7.074 


5 


5,550+ 


5.903 


8.200+ 5.836 
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TABLE 12 



Breed 


Transferable Embryos 
Mean + 60 


Total Ova + Embryos 
Mean + SD 


Holstein 
Beef 


5.036 4.851 
3.563 4.763 


7.536 4.917 
7.906 7.670 



There was no breed effect observed for either 
parameter measured. Treatment for 4 and 5 days produced 
more transferable and total embryos than did treatment for 3 
days. Treatment for 4 days appeared to give the best 
overall results. 
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EXAMPLE 8 

This example demons t rates a comparison of 
equipotent batches of FSH-W having a FSH/LH ratio of 30 , 000 
and commercially available FSH-P having a FSH/LH ratio of 
114. The FSH-W preparation was produced in accordance with 
the procedure described in Example 3. 

The results are shown in Table 13 below. 

TABLE 13 



Bnbryos 


FSH-P 


FSH-W 


P 


# transferable 


2.92 


• 

6.32 


0.001 


total 


11.12 


12.05 


0.591 


% transferable 


30.02 


46.87 


0.007 


# fertilised 


5.78 


9.02 


0.019 


% fertilised 


54.69 


63.2 


0.237 


# degenerate 


2.39 


2.52 


0.819 


% degenerate 


23.12 


17.7 


0.258 



Cows superovulated with FSH-W performed 
significantly better in terms of f transferable embryos , % 
transferable embryos and I fertilised embryos. These 
results corroborate the results of Example 1. 
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EX AMPLE 9 
DOSE RESPONSE STODY 
The objective of this study was to establish the 
optimum dose for a PSH-S preparation having a FSH/LH ratio 
of 1610. The FSH-S preparation utilized in this study was 
prepared in accordance with the procedure described in 
Example 3. 

Cows were selected to go on experiment after they 
had been detected in heat with a normal estrus interval (16 
to 24 days). Cows were put into experimental groups 
randomly on the basis of their estrus dates. On a weekly 
basis all the ear tag numbers of the experimental cows that 
had been in estrus during the proceeding week were written 
on a separate card and the cards were selected at random and 
allocated to successive groups within breeds. The cows were 
then scheduled for starting on treatment on a day convenient 
for the subsequent collection date. 

Sixty cows (24 Holstein and 36 beef) were 
superovulated with 37.5, 75 or 150 units of FSB-S (20 per 
treatment). The results of this study appear in Table 14 
below. In another experiment 45 cows (all beef) were 
superovulated with 75, 112 or 150 units of PSH-S. The 
results of this stud^y appear in Table 15 below. 

The total embryos and ova and the number of 
transferable embryos were recorded. 
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TABLE 14 



Dose 
Rate 


N 


Transferable Embryos 
Mean + SD 


Total Ova + Embryos 
Mean + SD 


37.5 


20 


1.850 + 2.128 


3.700 + 3.770* 

• 


75 


20 


6.000 + 5.060 


10.200 + 5.913 


150 


20 


5.300 + 3.621 


9.250 + 3.300 


TABLE 15 


Dose 
Bate 


N 


Transferable Embryos 
Mean + SD 


Total Ova + fimnryos 
Mean + SD 


75 


15 


6.067 + 5.431 


7.667 + 5.802 


112 


15 


5.667 + 3.200 


9.800 ± 6.190 


150 


15 


5.067 + 4.061 


8.467 + 7.396 



As shown in Table 14, the 75 and 150 units FSH-S 
produced significantly more transferable and total embryos 
than did 37.5 units. Also, as shown in Table 14, there was 
no difference between beef and dairy oattle. As shown in 
Table 15, there was no significant difference in embryo 
production between 75, 112 or 150 units. It was concluded 
that 75 units was the optimum dose rate. 
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EX AMPLE 10 

This example is a dose-rate study for a batch of 
FSfl-S having a FSH/LH ratio of approximately 165S. The 
FSH-S was prepared in accordance with the procedure 
described in Example 3. 

The results are shown in Table 16 below* 
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TABLE 16 



Dose 


Transferable Bnbryos 


Total Ova + Embryos 


Rate 


Mean ± SD 


Mean + SD 


75 


8.29 + 7.2 


12.14 ± 8.41 


112 


2 + 1.29 


8 + 8.33 


150 


1 + 1.22 


4.2 + 4.92 



This example demonstrates that a dose of 75 units 
of FSB-S gives optimum results In terns of both transferable 
embryos and total embryos and corroborates the results of 
Example 9. 

EXAMPLE 11 

This example demonstrates a study investigating 
dose and regimen effects of a PSH-W preparation having an 
FSH/Lfl ratio of 30,000. The PSH-W preparation was produced 
in accordance with the procedure described in Example 1. 

The results are shown in Table 17 below. 
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TABLE 17 



■ 


Reqime 


Dose 
mg FSH 
2.7 


(5.4 rag- 
5.4 


•75 units) 
10.8 


Total 


9 Good 


level 


4.1 


5.7 


3.4 


4.7 


Embryos 
Collected 


descending 

• 


4.2 


6.3 


1.8 


4.4 




Total 


4.2 


6.0 


2.6 




Total 


level 


6.9 


10.5 


9.1 


9.0 


Embryos 
Collected 


descending 


6.8 


12.7 


13.4 


10.5 




Total 


6.8 


11-4 


11.5 




% Good 


level 


59.3 


59.3 


23.9 


53.2 


Cmbryos 
Collected 


descending 66 ..8 


48.7 


18.8 


48.5 




Total 


63.4 


54.6 


21.3 




# Fertilized 


level 


5.8 


7.9 


6.1 


6.9 


• 


descending 


5.6 


10.2 


3.4 


6.7 




Total 


5.7 


8. 9 


4.5 




% Fertilized 


level 


78.8 


79.4 


41.6 


72.6 




descending 85.7 


75.3 


27.5 


67.3 




Total 


82.7 


77.6 


32.9 




# Degenerate 


level 

• 


1.4 


2.0 


1.9 


1.8 


Embryos 


descending 


1.5 


3.6 


1.6 


2.3 




Total 


1.5 


2.7 


1.7 




% Degenerate 


level 


15.0 


18.1 


11.1 


15.9 


Embryos 
Collected 


descending 


18.8 


23.0 


7.7 


17.5 




Total 


17.1 


20.2 


9.0 





The study demonstrated that level and descending 
dose regimes produced approximately equal results. The 
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study also demonstrated there is a significant dose effect 
with respect to the following criteria: number of good 
embryos collected, total embryos collected, number 
fertilized and % fertilized. Finally, the study 
demonstrated there was not a significant dose effect with 
respect to the following criteria: number of degenerate 
embryos and t degenerate embryos. 

EXAMPLE 12 

This study was a direct comparison of ccws created 
with FSH-P having an FSH/LH ratio of 114 and cows treated 
with FSK-S having an FSH/LH ratio of 504. The FSH-S used in 

■ ■ 

this study was prepared in accordance with the procedure 

■ 

described in Example 3. 

The results of this study are found in Table 18 

below. 

TABLE 18 





• 

FfcH-P FSH-S 


f Good embryos 
Total embryos 
% Good embryos 


0.69 5.80 
7.60 6.70 
9.08 66.67 



This atudy indicated that significantly better 
results in terms of number oil good embryos and percent good 
embryos are achieved when cows are treated with FSH-S rather 
than FSH-P, 
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SgPgLEMENTARY DISCLOSURE 
The composition for producing auperovulation set out in the 
original disclosure, has now been found to be useful for mammals 
in general* Thus, the present invention as now provided by the 
present Supplementary Disclosure provides a hormone composition 
for producing superovulation in mammals - The composition has a 
particular ratio of follicle stimulating hormone (FSH) and 
luteinizing hormone (LB) which produces an optimum ovulation 
response in mammals and promotes out of season breeding an 
twinning. The composition can be produced from mammal pituitary 

■ 

glands or by recombinant DNA procedures and can be preserved in a 
phosphate buffered saline solution of thymol . 

In another aspect , the present invention provides a com- 
position and method for producing an optimum ovulation response 
in mammals* 

Zt is an established commercial practice to stimulate estrus 
and ovulation in sheep, rabbits and other mammals at a time other 
than their normal breeding season or period* Zt is also a 
commercial husbandry practice to induce twinning in cattle and 
increase the numbers of offspring in sheep , pigs, and other 
species • 

The present invention » as now provided by one' aspect of the 
present Supplementary Disclosure , provides a composition of 
matter for producing auperovulation in goats comprising t an 
effective amount of follicle stimulation hormone and luteinizing 
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hormone , wherein the ratio of follicle stimulation hormone to 
luteinizing hormone is in a range of from 500 to 30,000 to 1 or 
greater . 

5 The present invention, aa now provided by another aspect of 

the present Supplementary Disclosure, provides a composition of 
matter for producing superovulation in swine comprising: an 
effective amount of follicle stimulation hormone and luteinizing 
hormone, wherein the ratio of follicle stimulation hormone to 
10 luteinizing hormone is in a range of from 500 to 30,000 to 1 or 
greater. 

The present invention, as now provided by yet another aspect 
of the present Supplementary Disclosure, provides a composition 
of matter for producing superovulation in sheep comprising: an 
15 effective amount of follicle stimulation hormone and luteinizing 
hormone, wherein the ratio of follicle stimulation hormone to 

luteinizing hormone is in a range of from 500 to 30,000 to 1 or. 

• »• 

greater. 

The present invention, as now provided by still another 
20 aspect of the present Supplementary Disclosure, provides a 

composition of matter for producing superovulation in horses 
comprising: an effective amount of follicle stimulation hormone 
and luteinizing hormone, wherein the ratio of follicle stimula- 
tion hormone to luteinizing hormone is in a range of from 500 to 
25 30,000 to 1 or greater, or in the range of up to 3000, or in the 
range of up to 2000, or in the range of 2000 to 1655, or in the 
ratio of 2652 to 1, or in the ratio of 1610 to 1. 
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The present invention, as now provided by atill another 
aspect of the present Supplementary Disclosure, provides a 
composition of matter for producing auperovulation In humans 
5 comprising: an effective amount of follicle stimulation hormone 
and luteinizing hormone, wherein the ratio of follicle stimula- 
tion hormone to luteinizing hormone is in a range from 500 to 
30,000 to 1 or greater , or in the range of up to 3000, or in the 
range of up to 2000, or in the range of 2000 to 1655, or in the 

10 ratio of 2652 to 1, or in the ratio of 1610 to 1* 

The present invention, as now provided by yet another aspect 
of the present Supplementary Disclosure, provides a composition 
of matter for producing auperovulation in exotic mammals compris- 
ing! an effective amount of follicle stimulation hormone and 

15 luteinizing hormone, wherein the ratio of follicle stimulation 
hormone to luteinizing hormone is in a range from 500 to 30*000 
to 1 or greater, or in the range of up to 3000, or in the range 
of up to 2000, or in the range of 2000 to 1655, or in the ratio 
of 2652 to 1, or in the ratio of 1610 to 1. 

20 The present invention, as now provided by atill another 

aspect of the present Supplementary Disclosure, provides a 
pharmaceutical composition for producing auperovulation in 
mammals comprising: an effective amount of follicle stimulation 
hormone and luteinizing hormone/ wherein the ratio of follicle 

25 stimulation hormone to luteinizing hormone is in a range from 500 
to 30,000 to 1 or greeter, or in the range of up to 3000, or in 
the range of up to 2000, or in the range of 2000 to 1655, or in 



- SD40c - 

the ratio of 2652 to 1, or in the ratio of 1610 to 1; the pharma- 
ceutical composition being in an aqueous solution with saline or 
phosphate buffered saline and an antimicrobial preservative which 
is compatible with the pharmaceutical composition* 

The antimicrobial preservative preferably is comprised of 5- 
methyl-2U-methylethyl)phenol, e.g. at least 0.04% by weight or 
greater, or preferably from 0.5% by weight up to 0.1% by weight 
of the pharmaceutical composition solution. In another variant 
thereof, the ratio of follicle stimulating hormone to luteinizing 
hormone is in a range from 1000 to 23,000 to 1, or in the range 
of up to 3000, or in the range of up to 2000, or in the range of 
2000 to 1655, or in the ratio of 2652 to 1, or in the ratio of 
1610 to 1. 

The present invention, as now provided by still another 
aspect of the present Supplementary Disclosure, provides an 
injectable pharmaceutical composition for producing super ovu- 
lation in mammals comprising i an effective amount of follicle 
stimulating hormone and luteinizing hormone, wherein the ratio of 
follicle stimulation hormone to luteinizing hormone is in a range 
of from 500 to 30,000 to 1 or greater, or in the range of up to 
3000, or in the range of up to 2000, or in the range of 2000 to 
1655, or in the ratio of 2652 to 1, or in the ratio of 1610 to 1; 
the injectable pharmaceutical composition being in solution with 
saline or phosphate buffered saline and an antimicrobial preserv- 
ative which is compatible with the injectable pharmaceutical 
composition* 
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The antimicrobial preservative comprises at least 0.04% by weight of the 
solution, preferably 0.04 to 0.1% by weight of the solution. The antimicrobial 
preservative is preferably comprised of 5-methyl~2^1-methylethyl)phenol. 

The present invention, as now provided by yet another aspect of the 
present Supplementary Disclosure, provides a composition of matter for producing 
superovulation in mammals comprising: an effective amount of follicle stimulating 
hormone and luteinizing hormone, wherein the ratio of follicle stimulating hormone to 
luteinizing hormone Is in a range of from 500 to 50,000 to 1 , or in the range of up to 
3000, or in the range of up to 2000, or in the range of 2000 to 1655, or in the ratio of 
2652 to 1, or in the ratio of 1610 to 1, wherein, on a molecular weight basis, the 
luteinizing hormone is present at 16% by weight at the 500 to 1 ratio and 0.16% by 
weight at the 50,000 to 1 ratio. 

The present invention, as now provided by yet another aspect of the 
present Supplementary Disclosure, provides the use of a composition comprising 
follicle stimulating hormone and luteinizing hormone, wherein the ratio of follicle 
stimulating hormone to luteinizing hormone is a range of from 500 to 30,000 to 1 or 
greater or in the range of up to 3000, or in the range of up to 2000, or in the range of 
2000 to 1655, or in the ratio of 2652 to 1 , or in the ratio of 1610 to 1 , for the new use 
of producing superovulation in mammals, e.g. by parenteral injection, e.g., 8 equal 
doses at approximately 12 hour intervals. 
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The present invention # aa now provided by still another 
aspect of the present Supplementary Disclosure , provides the use 
of a composition of matter comprising an effective amount of 
5 follicle stimulating hormone and luteinizing hormone, wherein the 
ratio of follicle stimulating hormone to luteinizing hormone is 
in a range of from 500 to 30,000 to 1 or greater, or in the range 
of up to 3000, or in the range of up to 2000, or in the range of 
2000 to 1655, or in the ratio of 2652 to 1, or in the ratio of 

10 1610 to 1, for the new use of achieving out of season breeding 
for mammals characterised as having breeding seasons. 

The present invention, as now provided by yet another aspect 
of the present Supplementary Disclosure, provides the use of a 
composition of matter comprising an effective amount of follicle 

15 stimulating hormone and luteinizing hormone, wherein the ratio of 
follicle stimulation hormone to luteinizing hormone is in a range 
of from 500 to 30,000 to 1 or greater, or in the range of up to 
3000, or in the range of up to 2000, or in the range of 2000 to 
1655, or in the ratio of 2652 to 1, or in the ratio of 1610 to 1, 

20 for the new use of enhancing twinning in sheep. 

The present invention, as now provided by still another 
aspect of the present Supplementary Disclosure, provides the use 
of a composition of matter comprising an effective amount of 
follicle stimulating hormone and luteinizing hormone, wherein the 

25 ratio of follicle stimulating hormone to luteinizing hormone is 

in a range of from 500 to 30,000 to 1 or greater* for the new use 
of enhancing twinning in cattle. 
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In the further drawings accompanying the present Supplemen- 
tary Disclosure, 

Figures 2 through 7 illustrate percent total specific 
binding plotted against log dose for each FSB batch in phosphate 
buffered saline (PBS) with and without Thymol comparing zero 
days, four days, and the NIB-FSH-Sfi standard. The curves are 
nearly identical in each case, indicating that there has been no 
change in FSH activity by placing in the PBS solution 1% by 
weight Thymol* 

Figures 2 and 3 are related since they wers prepared using 
the same batch » with Figure 2 illustrating 



the batch with 0. 1% by weight Thymol preservative and 
Figure 3 illustrating the batch without Thymol 
preservative added* Figuras 4 and 5 illustrate a 
different batch with Figure 4 having 0. 1% Thymol 
preservative added and Figure 5 without any Thymol 
preservative addition. Figures 6 and 7 present yet 
another batch with figure 6 including 0. 1% by weight 
Thymol preservative and Figure 7 presenting data without 
the preservative addition. 

Super ovulation is used in many species of 
mammals using the same drug for a number of husbandry 
practices. Superovulation for embryo collection and 
transfer is used in sheep, cattle, swine, goats, horses, 
and many too mammals. Superovulation for production of 
multiple ovine which art allowed to develop ie used for 
twinning in cattle and sheep and for out of season 
breeding In sheep. The physiological processes are the 
same and the invention works for multiple species of 
mammals in the same way as it does in eattla. 

IBTBMPKIBS EfZggCfi 

i 

The Invention being universal for mammals in 
superovulation success, each species of FSH would work 
in another species. Me following data using equina, 
ovine and porcine F8H in cows le shown in the following 
table, Table 19. It shows that FSH of three species 
(equine, ovine and porcine) is effective la producing 
superovulation in a fourth species (bovine). 



MU 19 

f Transferable I Total 

gpsciea f Cows , .. enbryp aafecxoi. 

Equine 156 4,67 5.76 * 6.29 

Ovine 82 4. 74 5. 96 ± 5. 84 

Porcine 972 1 S. 27 9. 46 ± 8. 49 

- SD41 - 
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Sheep are seasonable breeders which ia a disadvantage in fat 
lamb production because it produces seasonal supplies. It is 
advantageous to produce lambs at other times of the year. These 
5 out of season lambs can only be produced if the eves can be 
induced to breed out of season. The physiological processes 
involved in induction of estrus out of season are the same as 
those used in super ovulation. Thus an experiment was designed to 
compare those of FSH with a low LH content < FSH/LH > 1000. SUPER- 

10 0V ( the trade-mark of a composition containing FSB with a low Lfl 
content) with regular FSH-P (FSH/LH < 500). The experiment was 
performed in New Zealand by officers of Waitaki International and 
supervised by officers of the Ministry of agriculture and 
Fisheries. The aim in and out of season breeding ia to produce 

15 two ovulations per ewe. The is a distinction from super ovulation 
when ovulation rate is maximized and the embryos are harvested. 
In out of season breeding the ewes are mated with rams and the 
embryos develop in the ewe without harvesting allowing for normal 
gestation of the embryo. 

20 Thirty-eight ewes sged about five years were treated at 

random with either 2.5 units FSH (SUPER-OV, FSH/LH > 1000) or 2.5 
units FSH-P (Burns Bioteo Omaha Nebraska ) ( FSH/H < 500). The ewes 
were pretreated with vaginal sponges containing a progestogen 
(The Upjohn Co., Kalamazoo, MI) • The sponges were withdrawn four 

25 days after FSH treatment and the ewes slaughtered four daye 
later. The total ovulations on both ovaries were counted. 
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FSB produced 1.525 +. 0.6 ovulations, significantly more than 
the 0.154 ± 0.3 ovulations produced by FSH-P (P<0.001 by the 
TTeat). A listing of the data and the TTest is presented in 
Table 2D* 

As FSH preparation with low levels of LB 



* 



An FBH preparation with low levels of LH 
(SUPER-ov FSH/LH > 1000) it a superior drug for out of 
season breeding of sheep to regular FSH-P with a high 
level of LH { FSH/LH < 500). 

COMPARISON 8UPBR-OV WITH FSH-F 
MARCH, 1987, DOSS 2.5 DMXTS 

Variable Under Analysis - # ovulations 

Variable used to. Group Cases - TRBATMENT 

TABLE 20 

FSH-P 



Number of eases -19 

Mean • 0. 1059 

Variance o o. 0994 

Standard deviation ■» o* 3153 

Standard error of the, mean • 0. 0723 



SUPER-OV 

Number of Bases -19 

Mean ■ i. 5263 

Variance - 0. 3743 

Standard deviation ■ 0. 61 IB 

Standard error of the mean ■ 0. 1404 



T-ttest statistios 



Difference (Mean X - Mean Y) «-1.4211 

Standard error of the difference ■ 0. 1579 

t - statistic « 9. 0000 

Degrees of Xreedoa i * 36 

■ 

Probability of t (One tailed teat) « 0. 0000 

Probability of t (Two tailed test) » 0. 0000 
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In Novenber„ 1987, 24 goats wore superovulated 
with either 30 unit! SUPER-OV or 30 unite PSH-P (Sobering 
Corporation, Eenilwortfa NJ). The SUPER-OV had an FSH/LH 
$ , ration > 1000 and tha PSH-P c 300. The govts ware 
pretreatad with progesterone and traattd for four days 
with ona of tha PSH preparations. They were bred whan 
thay eame In aetrui and tha eabryoe recovered non- 
eurgically six days after breeding. The recovered 

10 ambryoi ware counted and classified as transferable 
(viable) or nontransferable. 

SUPER-OV produced significantly more 
transferable embryos than tha PSH-P. (ft. 7 * 1. 9 vs. 5.7 
± 3. 6, P » 0.227). There was no difference in tha total 

15 embryos oolleoted (9.2 ±2.1 vs. 7. a ± 3.9). Tha 
response from PSH-P was mora viable than froa SUPER-OV. 

SUP8ROVULATI ON IN GOATS, HE8T TEXAS 
COMPARISON PSH-P AND SUPER-OV 



TABLE 22 



20 


Subject 


TREATMENT 


DATE 


DOSE 
(UNITS) 


TRANSPSRABLE 
EMBRYOS 


TOTA! 
EMBR1 


• 


1 


PSH-P 


NOV87 


30 




14 




2 


PSH-P 


NOV87 


30 




3 


25 


3 


PSH-P 


NOW 


30 




6 




4 


PSH-P 


NOW 7 


30 




6 




5 


PSH-P 


NOW 7 


30 




3 




6 


PSH-P 


NOV! 7 


30 




6 




7 


PSH-P 


NOV87 


30 




10 


30 


8 


PSH-P 


NOV67 


30 


12 


12 




9 


PSH-P 


HOV87 


30 




2 




10 , 


PSH-P 


NOV87 


30 




7 




11 


PSH-P 


NOV87 


30 




10 




12 


PSH-P 


NOV67 


30 


11 


12 


35 


13 


SUPER 


NOV87 


30 




9 




14 


SUPER 


NOV87 


30 




10 




15 


SUPER 


NOV87 


30 




9 




16 


SUPER 


NOV87 


30 




9 




17 


SUPER 


NOV87 


30 




6 


40 


16 


SUPER 


NOV87 


30 




7 




19 


SUPER 


NOV87 


30 




6 
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DOSE TRANSFERABLE TOTAL 

Subject TREATMENT DATE (UNITE) EMBRYOS EMBRYOS 

— . i 



20 
21 
22 
23 
24 



SUPER 
SUPER 
SUPER 
SUPER 
SUPER 



NOV 8 7 
MOV67 
NOV67 
NOV 8 7 
NOV87 



30 
30 
30 
30 
30 



9 
9 
12 
12 
6 



9 
10 
12 
14 

B 



SUPEROVULATXON IN GOATS, WEST TEXAS 
COMPARISON P5H-P AND SUPER-OV 
Variable under analysis - TOTAL EMBRYOS 
Variable used to group oases - TREATMENT 

TABLE 23 

Crow I pbh-p 

Number of eases « 12 

Mean « 7.7500 

Variance » 15. 4773 

Standard deviation - 3.9341 

Standard error of the aean -1. 1337 

grow 2 sum 

Numbsr of cases ■ 12 

Mean - 9. 2300 

Variance • 4. 56B2 

Standard deviation • 2. 1373 



Standard error of the aean 



• 0. 6170 




Difference (Mean X - Mean I) 

Standard error of the difference 

t - statistic 

Degrees of freedom 

probability of t (One' tailed test) 

Probability of t (Two tailed test) 



- 1. 3000 

- 1. 2925 

- 1.1606 

- 22 



- 0. 1291 
• 0. 2383 
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SUPBROVULATION IN COATS, WEST TEXAS - 
COMPARISON F5H-? AND SOPER-OV I 3 4 0 I O I 

Variable under analysis - TRANSFERABLE EMBRYOS 
Variable used to group oases - TREATMENT 
5 TABLE 24 

Prom 1 rBH-P 

Number of cases - 12 

Mean ■ 5. 7500 

Variance = 13. 1136 

10 Standard deviation » 3.6213 

Standard error of the mean - 1. 0454 

££&U£_2 SUPER , 



Number of oases "12 

Mean - 8. 6667 

15 Variance - 3. 8766 

Standard deviation ■ 1. 9695 

Standard error of the mean - 0. 5685 



T-TftBt statistics 



Difference (Mean X - Mean Y) »-2. 9167 

20 Standard error of the difference ■ 1. 1900 

t - statistic ■ 2. 4510 

Degrees of freedom ■ 22 

Probability of t (One tailed test) * 0.0113 

Probability of t (Two tailed test) ■ 0. 0227 

25 Pood and Drug Administration regulations 

require that any nultldose injectable uae a preservative 
for the prevention of bacterial contamination of the 
multidose vial. On page 1491 of the 0. S. P. XXI 
(Pharmaceutic Ingredients /Reference Tables) as listed by 

30 categories under the heading of Antimicrobial 
Preservative is listed Thymol along with other 
preservative material's. Thymol was found to be one in 
the list of the preservatives that does not damage 
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glycoprotein hormonts, In order to prove that Thymol oan 
be used with the superovulatlon compound of the present 
Invention as a preservative, it wee established that 
0. 1% weight of Thymol does not harm PSH. A phosphate 
3 buffered saline was used as the diluent but other 
solutions such as nqrmal saline would be safe to use. 
U. 6. p. XXI, UP XVI Antimicrobial Preservative 
•f fectlveness tests were completed utilising two levels 
of Thymol (0. 08% and 0. 04% by weight) against super- 
10 ovulation composition with diluent. Thymol at the o. 06% 
by weight was effective against all the test organisms 
and the 0. 04% by weight was effective against four out of 
five. 

Preservatives are substances added to dosage 

19 forms to protect then from microbial contamination. They 
are required to be added to multidose vials. Of the 24 
antimicrobial preservatives listed on Page 1491 of U. S. F. 
XX 1, and 0. S. P. and HF Pharmaceutical Ingredients, 
Thymol (5-methyl-2(l-metbylcthyl)phenol) was found to be 

20 compatible with FSH. Thymol is only slightly soluble in 
water, e.g., at 19*C 1. 3g/litre and at 100'C 1.6 
gm/lltre. Thus a useful working solution at room 
temperature is a 1% solution. It was therefore decided 
to test the compatibility of 1% Thymol in phosphate 

25 buffered saline on the activity of PSH over a period of 
four days, the reoommendod life of a multldose vial of 
SUPBR-OV solution. SDFER-0V is a follicle stimulating 
hormone preparation that is used in inducing 
superovulation in mammals prior to estrus induction and 

30 subsequent insemination, embryo collection and transfer. 

The purpose of this study was to evaluate the 
effects of 1% Thymol on the integrity of the biological 
activity of PSH when used in SUPBR-OV DILUENT is used to 
dissolve SUPER-OV for use in divided doses over a four 

35 day period. The objective was to define the PSH activity 
of SUPBR-OV after being in a solution of PBS or PBS and 
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1% Thymol for four day*. PBS was made up to make a 
solution containing Sodium chloride 8%, Potassium 
chloride 0.02%, Potassium phosphate 0.02% and Sodium 
phosphate 0. 102%. One vial each containing 75 units of 
PSH were used. 

The experiment was started on Wednesday • t o 

■ 

ended on the following Sunday »*4 
One vial of FSH containing 75 units was dissolved in 6 
ml PBS (12 units/ml). Two samples of 2. 5 ml were 'taken 
and to each another 2. 5 ml of PBS was added. To one 
subs ample was added 60 lambda Thymol in Bthenol. 

The ninth dilution of the A 0 0 day, A^ 4 day, 
0 day and At 4 day samples were assayed by the 
radioligand assay (Bousfield a ward, 1064). 

STATISTICS: 

The 1. d. 50 plus or minus the standard deviation 
in uUnits/tube will be calculated for each parameter for 
the logistic P(x) «D ♦ A - B 

where A - opm at zero dose (counts per 

minute), i.e. the binding 
response in the absence of added 
unlabeled hormone. 

B * slope factor of the response 

curve. 

C - i. d. 5Q. The doee which 
displacee 50% of the 
specifically bound opm (i. d. 50 ). 

D • opm at infinite doss, i. e. the 
binding in the presence of an 
infinite doee of unlabeled 
ligand. 

X • dose of unlabelled ligand. 

P(x) • the binding response at a 
given dose of X (opm). 

This .equation is utilised along with a program 

Curve fit routine (Newton Gauss best for analysis 

approach) for the analysis of the radioreceptor dose 

response curve. The Percent Total Specific Binding was 

plotted against Log Dose (mU/tube) for each PSH sample 

- S046 - 
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with and without Thymol preservative comparing the FSH 
standard used in the assay, the 0 and the 4 day result. 
The null hypothesis is that each of these curves will be 
the same. 

3 Bach 5 ml sample was further subdivided into 

two 2. 5 ml samples, one to serve as the To sample and the 
other as the t 4 sample. The following flow diagram 
represents this procedure. 



ytO W DIAGR AM 



75 units FSH 



add 

2.5ml 
PBS 



dissolve in 6 ml PBS (12.5u/ail) 
2.5 ml 



add 

2.5 ml 
PBS 




^0 0 day a 0 4 day 

at 4»C 



10 



At 0 day R t 4 day 

at 4"C 



The 0 day samples were froeen immediately, and 
ths 4 day samples after 4 days at 4*C. 

At the time of assay the samples were thawed, 
diluted 1/10 with RLA buffer and the following serial 
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dilutions made: 
Serial Dilution # 


Cflnaftatxatifla 


m 

x50 lambda « Dose 






0. 635U/HL 


0. 031 






0. 31 


0. 016 


5 




0. 16 


0. 008 






0. OB 


0. 004 






0. 04 


0. 002 






0. 02 


0. 001 


« 




0.01 


0. 0005 


10 




0. OOS 


0. 00025 






0. 0025 


0. 00013 



The treatments effects were compared, and the 
null hypothesis tested using the T-Teet for matched 
pairs. 

15 The FSK activity (units of HXH-FSH-Sl/mg) for 4 

treatments in 3 lots of SUPBR-OV are listed in Table 25. 

TABLE 25 

FSH ACTIVITY AFTER DISSOLVING 
PBS AND PBS •* 1% THYMOL 

20 Lot | EBfi 1 THYMOL 

Day 0 Day 4 Day 0 Day 4 





603 


0. 65 


0. 61 


0*53 


0. 67 




700 


0. 94 


1.37 


.1.30 


0. 64 


25 


706 


0. 56 


0. 65 


0.53 


0. 53 



TTasts for matched pairs were conducted to 
compare Thymol day 0 vs. Thymol Day 4 (P*D. 615 for null 
hypothesis Table 26), PBS day 0 vs. PBS day 4 (P-0. 694, 

30 Table 27), 0 days vs. 4 days (P«0. 936, Table 26} and PBS 
vs. Thymol (?«0.534, Table 29). 

The percent total specific binding has been 
plotted against log dose for each FSH batch in PBS with 
and without Thymol comparing 0 days, 4 daye and the NIH- 

35 FSH-S8 standard (Figures 2 to 6). The curves are nearly 
Identical in each case indicting that there has been no 
change in FSH activity by putting it in PBS Bolutlon with 
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PBS or PBS containing 1% Thymol does not 
effect the PSK activity of SUPBR-OV over a four day 
period making 1% Thymol a potential preservative for use 

in SUPER- OV DILUENT. 

*. 

5 TABLE 26 

WEST COMPARING TEH POTENCY 
IN THYMOL AT 0 AND 4 DAYS 

icmma a tomb 

Mean - 0. 7867 

10 Variance - 0. 1976 

Standard deviation ■ 0. 4446 

Standard error of the mean ■ 0. 3144 

THYMOL 4 PAYfi 

Mean - 0. 6600 

15 Variance - 0. 0241 

Standard deviation « 0. 1552 

Standard error of the mean - 0. 1098 

T-Toat a&atijujja 

Difference (Mean X- Mean Y) - 0. 1070 

20 Standard error of the difference ■ 0. 1812 

X, - etatiatic ■ 0. 5686 

Degreee of freedom ■ 2 

Probability of t (One tailed teat) - 0. 3074 

Probability of t (Two tailed taat) • 0. 6146 

25 



TTBST COMPARING F6H POTENCY 
IN PB8 AT 0 AND 4 DAYS 

PBS 0 TINS 

Mean • 0.7900 

30 variance ■ 0. 0351 

standard Deviation « 0. 1873 

Standard error of the mean ■ 0. 1325 
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20 



PBS 4 PAYS 

Moan 

Variance 

Standard deviation 
Standard error of the mean 

ff-Tteiifc motilities 



0. 0767 
0. 1629 
0. 4277 
0. 3024 



Difference (Mean X - Mean Y) 

Standard error of the difference 

t - statistic 

Degree* of freedom 

Probability of t (One tailed test) 

Probability of t (Two tailed test) 



O. 0670 
0. 1936 
0. 4477 
2 

0. 3472 
0. 6943 



15 



20 



25 



30 



nam u 

TTEST COMPARING P5H POTENCY 
AT 0 AND 4 DAYS 



gRRODAYS 

Mean 
Verianoe 

Standard deviation 
Standard error of the mean 

EQBBMM 
Mean 

Variance 

Standard deviation 
Standard error of the mean 

7-tt*st s^eiiaiipj 



0. 7663 
0. 0931 
0. 3Q51 
0. 1365 

0, 7703 
0. 0944 
0. 3073 
0. 1374 



Difference (Mean X* Mean Y) 

Standard error of the difference 

t - statistic 

Degrees of freedom 

Probability of t (One tailed test) 

Probability of t (Two tailed teat) 



« 0.0100 
- 0. 1262 
c 0.0792 
• 5 

■ 0. 4690 
» 0. 9361 
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TTEST COMPARING PSH POTENCY 
IN PBS AND THYMOL 
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Mean 
Variance 

Standard Deviation 
Standard arror of the mean 

THYMOL 

Mean 

Variance 

Standard deviation 
Standard error of the* mean 

T-T«t gtaUatici 



0. 8333 
0. 0895 
0. 2991 
0. 1338 

0. 7333 
0.0921 
0. 3035 
0.1357 



Difference (Mean X - Mean Y) 

Standard error of the difference 

t - statistic 

Degrees of freedom 

Probability of t (One tailed test) 

Probability of t (Two tailed test) 



* 0. 1000 

- 0. 1256 

- 0. 7951 

- 5 

a 0. 2668 

• 0. 5337 



• 
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CUWS: fH 

1. A compotilion of matter for producing aupcroYuletion in cattle comprising: 
an effective amount of follicle stimulating hormone and luteinizing hormone in said 

composition for producing supcxovulation in cattle, wherein die ratio of follicle stimulating 
hormone in NIH-FSH-S 1 units to lu teinlzing hormone in NIH-LH-S 1 units is in a xinge of 
from 500 to 30,000. 

2. A composition of matter according to claim 1 9 wherein said ratio of follicle 

stimulating hormone to luteinizing hormone is in a ranga of up to 3000. 

3. A composition of matter according to claim 1, wherein said ratio of follicle 
stimulating hormone to luteinizing hormone is in a range of up to 2000. 

4. A composition of matter according to claim 1, wherein said ratio of follicle 
stimulating hormone to luteinizing hormone is 2652 to 1. 

5. A composition of matter according to claim 1, wherein said ratio of follicle 
stimulating hormone to luteini2ing hormone is In a range of from 2000 to 1655. 

6. A composition of matter according to claim 1, wherein said ratio of follicle 
stimulating hormone to luteinizing hormone is 1610 to L 

* 
« 

7. A composition of matter according to claim 1, wherein said composition ia a 
porcine pituitary hormone composition. 

8. Use of a composition of matter comprising follicle stimulating hormone and 
luteinizing hormone, wherein the ratio of follicle stimulating hormone in NIH-FSH-S 1 units 
to luteinizing hormone in NHH-H-S 1 units ia in a range of from 500 to 30,000, for the new 
use of producing auperovulation in cattle. 

9. Use as claimed in claim 8 by parenteral injection of said composition. 
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10. Use as claimed in claim 8 by parenteral Injection of 75 units of laid 

COfflpOlitLOfl. 

11, Use as claimed in claim 8 by parenteral injection of 75 units in 8 equal doses 
at approximately 12 hour Intervals of said composition. 

12, Use as claimed in claims 8, 9 or 10 of said composition, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of up to 3000. 

13. Use as claimed in claims 8, 9 or 10 of said composition, wherein said ratio 



of follicle stimulating hormone to luteinizing hormone is in a range of up to 2000. 

* 

14. Use as claimed in claims 8, 9 or 10 of said composition, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

13, Use as claimed in claims 8, 9 or 10 of said composition, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of 1000 to 1655. 

16. Use as claimed in claims 8, 9 or 10 of said composition, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is 1610 to 1. . 



17. Use as claimed In claim 8 of said composition, wherein said composition is 
a porcine pituitary hormone composition. 



CLAIMS SUPPORTED BY THE SUPPLEMENTARY DISCLOSURE: 

18. A composition of matter for producing lupoovulation In goati comprising: 
an effective amount of follicle stimulating hormone and luteinizing honnone in aid 
for producing superoVulation in goats, whetdn the tatio of follicle 
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500 to 30,000 to 1 or greater. 
19. A composition of mattes for producing luperovulation in twine comprising: 
an effective amount of tolHcle stimulating hormone and luteinizing hormone in said 
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hormone in NIH-FSH-S1 units to luteinizing hormone in MH-LE-S 1 units Is in a range of 
from 300 to 30,000 to 1 or greater. 

20. A composition of matter to p 
ive amount of fbllicle 



•lit 



g superovuladon in ihecp comprising: 

ein laid 



dating hormone and luteinizing t 
composition for producing superovulation in sheep, wherein the ratio of foUkla stimulating 
hormone in NIH-FSH-S1 units to luteinizing hormone in NIH*LH-S1 units is in a range of 
from 500 to 30,000 to 1 or greater. 
21. A composition of 
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according to claims IB, 19 or 20, wherein said ratio 
of MKcle stimulating hormone to luteinizing hormone is in a range of up to 3000. 

22. A coiaposition of matter according to claims 18, 19 or 20, wherein said ratio 
of fbllicle stimulating hormone to luteinizing hormone is in a range of up to 2000. 

23. A composition of matter according to claims 18, 19 or 20, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 
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g to claims 18, 19 or 20, wherdn said ratio 



24. A composition of ma 
of follicle stimulating hormone to luteinizing hormone is in a range of 1000 to 1655. 
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25. A composition of matter according to claim 18, 19 or 20, wherein aid ratio 
of follicle stimulating hormone to luteinizing hormone ii 1610 to 1. 

26. A composition of matter for producing supctovuletjen in mammals comprising: 
an effective amount of follicle itimulating hormone and luteinizing hormone In nid 

composition for producing supexovulatkm la mammals, wherein the ratio of follicle 
stimulating hormone in NIH-FSH-S 1 units to luteinizing hormone in NIH-LH-S 1 units i* in 
a range of 500 to 50,000 to 1, wherein, on a molecular weight basil, the luteinizing hormone 
is present at 16% by weight at the 500 to 1 ratio and .16* by weight at the 50,000 to 1 
ratio. 

27. The composition of matter according to claim 26, wherein saW ratio erf 
stimulating hormone to luteinizing hormone is in a range of up to 3000, 

28. The compoiition of matter according to claim 26, wherein said ratio of follicle 

stimulating hormone to luteinizing hormone is in a range of up to 2000, 

* 

29. The composition of matter according to claim 26, wherein said ratio of follicle 

* 

stimulating hormone to luteinizing hormone is 2652 to 1. 

30. The composition of matter according to claim 
stimulating hormone to iuttinMag hormone is in a range of 1000 to 1655. 

31. The composition of matter according to claim 26, wherein said ratio of follicle 
stimulating hormone to luteinizing hormone is in a range of 1000 to 1610. 

32. A composition of matter for producing superovuhtion in hones comprising: 
an effective amount of follicle stimulating hormone and hitrinlztog hormone in said 

composition for producing superovulation in horses, wherein the ratio of follicle stimulating 
hormone in NIH-FSH-S1 units to luteinizing hormone in NEK-LHM51 units is in a range of 

from 500 to 30,000 to 1 or greater. 

33. A compoiition of matter for producing tuperovulatioa in humans comprising; 



s% 

an effective amount of follicle stimulating hormone and luteinizing honKmi\n sail 
composition for producing supoovulation in humans , wherein the ratio of follicle stimulating 
hormone in MH-FSH-S1 units to luteinizing hormone in MH-LH-S1 units is in a range of 
500 to 30,000 to 1 or greater. 

34. A composition of matter for producing tuperovulatkm in exotic mammals 

* 

coxnnrisinai 

an effective amount of follicle stimulating hormone and luteinizing hormone hi said 
composition far producing supcrovulation in exotic mammals, wherein the xaiio of follicle 
stimulating hormone in Nffi-PSH-Sl units to luteinizing hormone in NIH-LH-S1 units is in 
a range from 500 to 30,000 to 1 or greater. 

35. A composition of matter according to claims 32, 33 or 34, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of up to 3000. 

36. A composition of matter according to claims 32, 33 or 34, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of up to 2000. 

37. A composition of matter according to claims 32, 33 or 34, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

38. A composition of matter according to claims 32, 33 or 34, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of 1000 to 1655. 

39. A composition of muter according to claims 32, 33 or 34, wherein said ratio 
of follicle stimulating hormone to luteinizing hormone is in a range of 1000 to 1610, 

40. A pharmaceutical composition for producing superovulatian in mnm^u 
comprising: 

an effective amount of follicle stimulating hormone and luteinizing hormone in said 
composition for producing supcrovulation in mammals, wherein the ratio of follicle 
stimulating hormone in NIH-FSH-51 units to luteinizing hormone in N1H-LH-S1 units la in 
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ft range from 500 to 30,000 to 1 or greater; said pharmaceutical composition being in an 
aqueous solution with saline or phosphate buffered saline and an antimicrobial preservative 







• 
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41. The pharmaceutical composition according to claim 40, wherein said 
antimicrobial preservative comprises of 5-methyl-2(l-methylethyJ) phenol 

42, The pha rmac eutical composition according to claim 40, wherein said 
antimicrobial preservative, comprises at least 0.04* by weight or greater. 

ion according to claim 40, wherein said 



antimicrobial preservative comprises from 0.5* by weight up to 0.1* by weight of the 
pharmaceutical composition solution. 

44, The pharmaceutical composition according to claims 40, 41 or 42, wherein 
do of follicle stimulating hormone to luteinizing hormone is in a range of from 500 



to 30,000. 

43. The pharmaceutical composition of claims 40, 41 or 42, wherein said ratio of 
follicle stimulating hormone to luteinizing hormone is in a range of up to 3000. 

46. Hie pharmaceutical composition of claims 40, 41 or 42, wherein said ratio of 
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47 , The pharmaceutical composition of claims 40, 41 or 42, wherein said ratio of 
follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

48. The pharmaceutical composition of claims 40, 41 or 42, wherein said ratio of 
follicle stimulating hormone to luteinizing hormone is in a range of 1000 to 16S5. 

dtion of claims 40, 4 1 or 42, wherein said ratio of 
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49. The pharmaceutical 
follicle stimulating hormone to luteinizing hormone is 1610 to 1. 

50. An injectable pharmaceutical composition for producing superovi 
mammals comprising: 



too 
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an effective amount of follicle stimulating hormone and luteinizing hormone in said 
composition for producing superovuladon In mammals, wherein the xido of follicle 
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dating hormone in NIH-PSH-S1 units to luteinizing hormone in NIH-LH-S1 units is in 
a range of from 300 to 30,000 to 1 or greater; said injectable pharmaceutical composition 
being in solution with saline, or phosphate-buffered saline, and an antimicrobial preservative 
which is compatible with the injectable pharmaceutical composition. 

51. The injectable pharmaceutical composition according to claim 50, wherein said 
antimicrobial preservative comprises at least 0.04% by weight of the solution. 

52. The injectable pharmaceutical composition according to claim 5 1, wherein said 
antimicrobial preservative comprises from 0.O4 to 0.1% by weight of the solution. 

53. The injectable pharmaceutical composition according to claim 51 , wherein said 
antimicrobial preservative comprises 5-mcthyl-2(l-methylcthyl)pheaoL 

54. The injectable pharmaceutical composition according to claims 50, 51 or S3, 
wherein the ratio of follicle stimulating hormone to Jutehuxing hormone is in a range up to 
3000. 

55. The injectable pharmaceutical composition according to claims 50, 51 or 53, 
wherein the ratio of follicle stimulating hormone to luteinizing hormone is in a range up to 

2000. 

56. The injectable pharmaceutical composition according to claims 50, 51 or 53, 
wherein the ratio of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

57. The injectable pharmaceutical composition according to claims 50, 51 or 53, 
wherein the ratio of follicle stimulating hormone to luteinizing hormone is in a range of 1000 
to 1655. 



58. The injectable pharmaceutical 



n according to claims 50, SI or 53, 



wherein (he ratio of follicle stimulating hormone to luteinizing hormone is 1610 to 1, 
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59. Use of a composition comprising follicle stimulating hormone and luteinizing 
hormone, whereb the ntio of follicle stimulating hormone in NIH-FSH-S1 unite Id 
luteinizing hormone in NIH-LH-S1 units is a range of from SOO to 30,000 to 1 or grater, 



far the aew use of producing supexovulation in mammals. 



60. Use as claimed in claim 59 by parenteral injection of said 



61. Vie as claimed la claim 39 by parenteral Injection in 8 equal does at 

* 

approximately 12 hour intervals of said composition. 

62. Use as claimed in claims 59, 60 or 61 of said composition of matter, wherein 
said ratio of follicle stimulating hormone to luteinizing hormone ii in a range of up to 3000. 



63. Use as claimed in claims 59, 60 or 61 of said composition of matter, wherein 
said ratio of fbllide stimulating hormone to luteinizing hormone is in a range of up to 2000. 

64. Use as claimed in claims 59, 60 or 61 of said composition of matter, wherein 
said ratio of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

65. Use as claimed in claims 59, 60 or 61 of said composition of matter, wherein 

* 

said ratio of follicle stimulating hormone to luteinizing hormone is fat a range of 1000 to 
1655. 

66. Use as claimed in claims 59, 60 or 61 of said composition of matter, wherein 
said ratio of follicle stimulating hormone to luteinizing hormone is 1610 to 1. 

67. Use of a composition of matter comprising an effective ai 
stimulating hormone and luteinizing hormone, wherein the ratio of follicle stimulating 
hormone in NIH-FSH-Sl units to luteinizing hormone in NIH-LH-S1 units is in a range of 
from 500 to 30,000 to 1 or greater, far the new use of enhancing twinning in sheep. 

Use of a composition of matter comprising an effective amount of follicle 
dating hormone and luteinizing hormone, wherein the ratio of follicle stimulating 



» • \ • 1 1 1 ■ 



of follicle 
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hormone in NDX-FSH-Sl units to luteinizing hormone In NIH-LH-S1 unite bin a range of 
from 500 to 30,000 to 1 or greater, far the new uie of enhancing twinning in cattle. 

69. Use of a composition of matter comprising an effective amount of follicle 
stim ulating hormone and luteinizing hormone, wherein the ratio of follicle stimulating 
hormone in NIH-FSH-S1 units to luteinizing hormone in NIH-LH-S1 units is in a range of 
from 500 to 30,000 to 1 or greater, for the new use of achieving out of season breeding far 
mamaaala characterised as having breeding seasons. 

70. Use as claimed in claims 67, 68 or 69 of said composition of matter, wherein 
said redo <rf follicle stimulating hormone to luteinizing hormone b In a 

71. Use as claimed in claims 67, 68 or 69 of said composition of matter, wherein 
said ratio of follicle stimulating hormone to luteinizing hormone is in a range of up to 2000. 

72. Use as claimed in claims 67, 68 or 69 of said composition of matter, wherein 
dd ratio of follicle stimulating hormone to luteinizing hormone is 2652 to 1. 

73. Use as claimed in claims 67, 68 or 69 of said composition of matter , wherein 
said ratio of folHcle stimulating hormone to luteinizing hormone is in a range of 1000 to 
16S5. 

74. Use as claimed in claims 67, 68 or 69 of said composition of matter, wherein 
said ratio of follicle stimulating hormone to luteinizing hormone is 1610 to 1. 

75. The composition of matter according to claim 18, wherein the ratio of follicle 
stimulating hormone in N1H-FSH-1 units to luteinizing hormone in NIH-LH-1 unite ia greater 
than 1,000. 

76. The composition of matter according to claim 19, wherein the ratio of fblHcb 
stimulating hormone in NIH-FSH-1 units to luteinizing hormone in NIH-LH-1 units is greater 
than 1,000. 



* 
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77. The composition of matter according to claim 20, wherein the ratio of follicle 
ajmnlatiag hormone in NIH-FSH-1 units to luteinizing hormone in NIH-LH-1 units it greater 
than 1,000. 

78. The composition of matter according to claim 26, wherein die ratio of follicle 
stimulating hormone in NTH-FSH-1 units to luteinizing hormone in NIH-LH-1 units is greater 
than 1,000. 

* 

79. The composition of matter according to claim 26, wherein said composition 
is a porcine pituitary hormone composition, 

80. The composition of matter according to claim 40, wherein the ratio of follicle 
sdma l atiaj g hormone in NTH-FSH-1 units to luteinizing hormone in NIH-LH-1 unite is greater 
than 1,000. 

81. The composition of matte according to claim 40, wherein said composition 
is a porcine pituitary hormone com p o siti on! 

82. Use aa claimed in claim 59 of said composition of mailer, wherein the ratio 
of follicle stimulating hormone in NIH-PSH-S1 units to luteinizing hormone in NIH-LH-S1 
unita la greater than 1,000. 

83. Use aa claimed in claim 59 of said composition, wherein said composition ia 
a porcine pituitary hormone composition. 

84. Use aa claimed in claim 67 of said composition of matter, wherein the ratio 
of follicle stimulating hormone in N1H-FSH-S1 units to luteinizing hormone in NIH-LH-S1 
units ia greater than 1,000. 

85. Use as claimed in claim 68 of said composition of matter, wherein the ratio 
of follicle stimulating hormone in NIH-FSH-S1 units to luteinizing hormone in NIH-LH-Sl 
units ia greater than 1,000. 
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86. Use as claimed ifl claim 69 of said composition of matter, wherein the ratio 
of follicle atknuladng hormone in NIH-PSH-S1 units to t"»**^«*"i hoaaone in NIH-LH-S1 
units is jitatcr than 1,000. 



» 



» 
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The present invention relates to a composition and method 

for producing an optimum superovulation response in cattle* 

In cattle, the fetal or neonatal female produces thousands 
5 of oocytes which are never fertilied. A multimillion dollar 

industry has developed that is concerned with methods to fertilie 

and transfer these oocytes to surrogate mothers. The advantages 

of such procedures include increasing the reproductive rate of 

valuable cows, decreasing the generation interval, progeny 
10 testing females, using superior females as donors, increasing the 

number of progeny per female through controlled multiple births, 

and transporting embryos with selected genetic characteristics to 

distant places. 

The all important first step in these procedures is to 
15 produce a superovulation response in a superior female donor* 

The objective of superovulation is to increase the number of 

normal fertile eggs or embryos per donor. The basic principle of 

superovulation os to stimulate extensive follicular development 

through intramuscular or subcutaneous administration of a prepar- 
20 ation having follicle-stilulating hormone I FSB) activity at 

levels in excess of normal endogenous levels. The most commonly 

used sources for this preparation are swine pituitary extracts or 

pregnant mares' 
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